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ABSTRACT 
Redefining Professional Development for Supporting  
Teachers' Knowledge for Innovating Mathematics Instruction:  
A Qualitative Study of Two Upper Elementary School Teachers 
Rita del Carmen Sánchez González 
 
This dissertation explored how a professional developer, using the Center’s 
Professional Development Model for Innovating Instruction, supported two teachers’ 
acquisition of the knowledge needed for their mathematics instruction. Through analysis 
of detailed field notes and semi-structured interviews of two experienced elementary 
school teachers working in an urban, high-need school, this dissertation studied how the 
design and situate components of the Center’s Professional Development Model for 
Innovating Instruction can lead to multiple ways of supporting teachers’ instruction 
depending on the teachers’ needs and interests. Findings from these two case studies 
suggest that there is a need for teacher education mathematics programs—In-service and 
pre-service—to provide teachers with the knowledge for innovative mathematics 
instruction needed to create demanding learning experiences in their classrooms. This 
dissertation elaborates on these results, discusses connections with other research, and 
ends with implications of these results, in terms of their immediate application and the 
need for future research. 
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CHAPTER I. INTRODUCTION 
Need For The Study 
“Educational reform movements in the United States and around the world are 
setting ambitious goals for student learning” (Borko, 2004, p. 3). And even though the 
demand for quality mathematics teaching is great at the secondary and undergraduate 
level, quality mathematics teaching is also very important at the elementary level, where 
mathematics is a general requirement (Adler, Ball, Krainer, Lin, & Novotna, 2005). 
“Improving educational outcomes for young people depends on developing and 
supplying skilled instructional practices” (Ball & Forzani, 2011, p. 17).  This quality 
mathematics instruction depends on teachers’ preparation and continuing professional 
development (Adler et al., 2005). 	  
Skilled teachers are those who understand the subject matter, know how to use 
instructional materials wisely, and are able to assess students’ progress (Ball, Hill, & 
Bass, 2005). Teaching mathematics not only requires an appreciation of mathematical 
reasoning, but also understanding mathematical concepts and procedures, as well as 
knowing the connection between these concepts and procedures (Hill & Ball, 2004).  
Teachers’ daily tasks—which might include using a new curriculum, allowing more 
participation by students in the classroom, and supporting students perform challenging 
assessments—demand significant mathematical skills (Hill & Ball, 2004).	  
But, how many mathematics teachers really understand the content they are 
teaching? As Mewborn (2001) states, many elementary teachers lack conceptual 
understanding of the mathematics that they are teaching.  Over the past years, studies 
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have consistently showed that many teachers’ mathematical knowledge is dismayingly 
thin (Ball et al., 2005). For many different reasons, many in-service teachers have not 
learned the mathematics content that they need to teach, or they have not learned it in a 
way that is required for them to teach it (Adler et al., 2005). On top of that, because of the 
many educational reforms, teachers nowadays have “to teach a curriculum that is quite 
different from the one for which they were educated, and from one which they had 
become experienced—and often also successful” (Adler et al., 2005, p. 361).  	  
In June 2010, the National Governors Association and the Council of Chief State 
School Officers launched the Common Core State Standards (CCSS) in reading and 
mathematics in the United States.  The purpose of this project was to develop a set of 
standards that would be both “higher and fewer in number” that could address the 
problem of having ‘a mile wide and inch deep’ curriculum (Loveless, 2000).  The CCSS 
focuses on what students are to learn and not on how that content is to be taught (Porter, 
McMaken, Hwang, & Yang, 2011). 	  
In order to help students reach the deeper level of mathematics understanding that 
the Common Core State Standards demand, teachers might need to improve their own 
understanding of the content knowledge (T. Grossman, Reyna, & Shipton, 2011). And 
even though new books and assessments could be developed to match the new 
curriculum standards, instruction must maintain a focus and be coherent with students’ 
prior knowledge and with the diversity of students’ mathematical thinking and learning 
(Daro, Mosher, & Corcoran, 2011).  
So, how do teachers learn the mathematics that they need to teach, from what 
opportunities, and under what conditions? How can we improve teachers’ opportunities 
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to learn? What kind of professional development is needed to support and promote this 
learning?  In order to answer these questions, the reality of teacher education for 
elementary school teachers needs to be understood. 	  
According to Ball & Forzani (2009), the core curriculum of teacher education 
needs a change in its focus-- from what teachers believe and know to what teachers do in 
the classroom.  This new practice-focused approach involves stating what teachers need 
to learn and developing instructional approaches that will support teachers with learning 
how to do them in their classroom (Ball & Forzani, 2009). 	  
The Center on Education Policy report, States’ Progress and Challenges in 
Implementing Common Core State Standards, as part of implementing the CCSS, states 
that many districts will “need to change their curriculum, instruction, local assessments, 
teacher professional development, and other elements of education to align them with the 
new standards” (Kober & Rentmer, 2011, p. 1). Some of the district activities that are 
being required by most states include: (1) provide professional development for teachers 
and principals to support implementation of the CCSS; (2) develop new curriculum 
and/or instructional practices aligned with the common standards; (3) design and 
implement teacher induction programs to foster understanding of the standards (Kober & 
Rentmer, 2011). 	  
Ball and Forzani (2009) suggest that in order to prepare teachers with the 
knowledge and skills needed for instruction that will allow students to learn, they need an 
effective professional education. This type of professional education, aimed to improve 
teachers’ mathematics instruction, implies that teachers see examples of mathematics 
tasks, learn how to scrutinize and analyze student work, watch instruction 
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demonstrations, and practice under close supervision and coaching (Ball & Forzani, 
2009). 	  
And while a lot of money is being spent on staff development in the United 
States, most of this money is spent on workshops and sessions that are often 
“intellectually superficial, disconnected from deep issues of curriculum and learning, 
fragmented, and noncumulative” (Ball, Lubienski, & Mewborn, 2001, p. 437). Given this 
fact and the fact that most professional development does not focus on “improving 
content knowledge in a way that improves students’ learning” (T. Grossman et al., 2011, 
p. 7), K-12 and postsecondary education will have to work together to identify 
approaches to improve teacher preparation. 	  
Over the last decade, a university Research and Development (R&D) center, the 
Center for Technology and School Change, has been developing a collaborative 
professional development model for working with high-need urban schools: Professional 
Development Model for Innovating Instruction1.  The Center’s mission highlights the 
importance of supporting schools for students’ success. 	  
The Center is committed to the creation of innovative learning 
environments for all students. Recognizing technology as a catalyst for 
transforming instruction, the Center engages in research and practice to 
reimagine approaches to equitable education in the digital age (CTSC, 
n.d.).	  
This approach is anchored in design-based research findings from over a decade 
of work with teachers and leaders across PK-12 schools (Meier, 2005; Meier, Mineo, & 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Situate. Design. Lead. © Center’s Professional Development Model for Innovating Instruction	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Cheng, 2013; Meier, Mineo, & Graves, 2014; Meier, Mineo, & Sanchez, 2012). Findings 
from the Center’s ongoing research show that in order to create innovative learning 
experiences for students, teachers must “shift” from covering curriculum to uncovering 
big ideas using a design approach, be knowledgeable about the content, explore new 
technology tools, and integrate ongoing formative assessment (Meier et al., 2014).  The 
perspective for this approach is also drawn from Guskey (1999), who emphasizes the 
professional development’s evolving nature with five levels: (1) participant’s reactions, 
(2) their learning, (3) the support provided, (4) their use of new knowledge and skills, and 
(5) the impact on students. 	  
Situating professional development provides authentic learning experiences for 
teachers and administrators and considers teachers as active knowledge builders 
(Webster-Wright, 2009) as it “situates” it in the teachers’ own classrooms (Borko, 2004). 
Situated learning is the context in which how a person learns becomes as important as the 
appropriated knowledge and skills itself (Putnam & Borko, 2000). According to Meier 
(2005), it is critical to “situate professional development by adapting to the changing 
needs of teachers” (p. 401). 
The Professional Development Model for Innovating Instruction, as seen in 
Figure 1, includes three key elements: situated, leadership, and design process. 
University facilitators (1) engage teachers as designers of student-centered, authentic 
learning experiences, (2) champion professional learning that is embedded in the realities 
of teachers and schools, and (3) support leaders in guiding and sustaining change 
initiatives, while positioning teachers as agents of change.   
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DESIGN - Engage teachers as designers of student-centered, authentic learning experiences 
1. Embrace A Design Approach Model and support a backwards design approach to project 
planning that creates meaningful learning experiences for students. 
2. Enrich Content Knowledge Provide opportunities for deepening teachers’ understanding of 
content, including cross-curricular connections, learning standards, 
and student misconceptions. 
3. Integrate Assessment Practices Facilitate the design of authentic assessment and data use to 
identify and respond to student needs. 
4. Leverage Digital Tools Teach the integration of digital tools as part of the design process 
to facilitate interactive student learning and to enrich content. 
SITUATE - Provide learning experiences for teachers that respects them as professionals and adapts the 
learning for their particular school and situation 
1. Contextualize Teacher Learning Situate the design work in the professional lives of teachers in 
order to connect deeply to the realities of teachers’ classrooms and 
their students. 
2. Model Effective Practice Provide interactive, hands-on professional development that 
engages teachers and models project-based learning with available 
tools and resources. 
3. Individualize Support Co-construct project plans based on student and curricular needs, 
provide ongoing support for classroom implementation, and 
facilitate reflection on teaching and learning. 
LEAD - Support leaders in guiding and sustaining change initiatives, while positioning teachers as agents 
of change 
1. Envision Change Prioritize instructional leadership and develop actionable goals to 
promote change in self-identified areas of need. 
2. Empower Leadership At All 
Levels 
Provide a forum for identifying leaders--administrators, teachers, 
and community members--who can spearhead efforts that 
contribute to the common vision. 
3. Sustain A Culture For Innovation Scaffold educators’ efforts toward instructional innovation to 
realize goals beyond the immediate scope of the professional 
development. 
4. Research Lead research that informs the transformative use of technology in 
existing and emerging practices in schools, while contributing to 
evolving scholarship on innovations for teaching and learning 
Figure 1. Situate. Design. Lead. © Center’s Professional Development Model for 
Innovating Instruction 
Statement of Purpose and Research Questions 
This research study took place between December 2012 and July 2013. It 
documents two case studies of “Sunnyside Elementary” schoolteachers: Ms. Victoria 
Greene, a grade-four teacher, and Ms. Sara Stein, a grade-five teacher.  These teachers 
were part of a larger STEM professional development effort that began in 2008 between a 
university and a group of high need urban schools. The school and teacher names are 
pseudonyms. 	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The Center was partnered with two community schools—one of them being 
“Sunnyside Elementary.” The Center’s team consisted of a University faculty member-- 
the Center’s Director—and a professional developer—the Facilitator.  The Facilitator 
was a member of the Center team, and was also pursuing her doctoral studies in the 
mathematics education department. She was appointed as a graduate research assistant on 
the grant. 	  
The Center’s team worked together over four years with the school to design and 
carry out the professional development, and also collect data on the intervention for 
research purposes. The focus of the final year of the project was intensive work with two 
of the teachers in “Sunnyside Elementary,” with the goal of developing two case studies 
to capture the work. 	  
Research on how professional development and what characteristics of the 
professional development contribute to teacher learning is scarce (Hill & Ball, 2004).  
“For decades, studies of professional development consisted mainly of documenting 
teacher satisfaction, attitude change, or commitment to innovation rather that its results or 
the processes by which it worked” (Desimone, 2009, p. 181). In order to answer these 
questions, the reality of teacher education for elementary school teachers needs to be 
understood.	  
These two case studies document how the Facilitator, using Center’s Professional 
Development Model for Innovating Instruction, supported teachers’ learning and practice 
needed to create innovative mathematics learning experiences in their classrooms. The 
research questions addressed by the case study analyses are:	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1. What knowledge do elementary teachers need to be designers of innovative 
learning experiences in their mathematics classrooms? 
2. What kind of professional development is needed to support and promote the 
acquisition of this knowledge?   
Procedures  
The intervention was carried out in “Sunnyside Elementary.” “Sunnyside 
Elementary” was invited by the University to be one of the partnership schools of the 
STEM Initiative. The school was considered a high-need, underachieving PK-5 urban 
school in the Northeastern part of the US. The participants for this study are two 
“Sunnyside Elementary” schoolteachers: Ms. Victoria Greene, a grade-four teacher, and 
Ms. Sara Stein, a grade-five teacher. This multiple case study-- two case studies-- will use 
qualitative methods to describe and analyze the facilitator’s work when using the 
Center’s Professional Development Model for Innovating Instruction with two 
“Sunnyside Elementary” schoolteachers.	  
Due to the interaction of the researcher with the participants as a graduate 
research assistant and as a professional developer in the STEM Initiative, the researcher 
is classified as a participant observer. As a graduate research assistant, the researcher 
captured the work with the school through field notes, questionnaires, and interviews. As 
a professional developer working for the Center, the researcher’s role was to provide 
professional development in mathematics content and pedagogy using the Center’s 
Professional Development Model for Innovating Instruction.	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The researcher used a wide range of comprehensive data collection methods that 
will provide a deeper understanding of the facilitator’s work when using the Center’s 
Professional Development Model for Innovating Instruction (see Table 1).  	  
Table 1 
Overview of Information Needed: Research Questions and Data Sources  
	   What the researcher requires	   Data collection 
method	  
Contextual 	   Demographics factors of the school, progress report 
grades, student performance, student progress, school 
accountability report, percentage of students at level 3 
or 4 in the mathematics state assessment	  
Document analysis 	  
Demographic 	   Participants demographic information such as gender, 
teaching experience, grade level teaching, educational 
background, teaching certification 	  
Pre questionnaire, see 
Appendix B	  
Post-questionnaire, 
see Appendix C	  
Perceptual 	   Participants beliefs and attitudes towards mathematics 
and mathematics education, their knowledge of the 
mathematics curriculum and resources, their 
instructional practices in the classroom, and their use 





Research question 1: What 
knowledge do elementary 
teachers need to be 
designers of innovative 
learning experiences in their 
mathematics classrooms?  
 	  
Evidence of the three elements of the Center’s 
professional approach: design, situated, leadership. 
Facilitator’s knowledge of mathematical content. 
Facilitator’s knowledge of Common Core State 
Standards for Mathematics. Facilitator’s knowledge of 
interdisciplinary connections. Facilitator’s knowledge of 
common student misconceptions. Facilitator’s 
knowledge of pedagogical content. Facilitator’s 
knowledge of technological content (e.g., knowledge of 
relevant digital tools). Facilitator’s knowledge of 
assessment. Facilitator’s modeling Instruction. 
Facilitator’s affect. Facilitator’s management.	  
Participants’ prior knowledge of content and pedagogy. 
Participants’ knowledge of content and pedagogy 
throughout the intervention. Participants’ instruction 
methods and pedagogy. Participants’ use of technology 
in the classroom. Participants’ reactions when new 
knowledge is presented to them. Participants’ questions 
about new knowledge, prior knowledge, difficulties, and 
misconceptions. Participants use of prior knowledge, 
prior knowledge, difficulties, and misconceptions to 
design 	  
Pre-questionnaire 	  
Field notes 	  
Semi-structured 
interviews	  
Research question 2:What 
kind of professional 
development is needed to 
support and promote the 
acquisition of this 
knowledge?  	  
Participants’ descriptions and explanations of their 
experience of the professional development program. 
Participants use of the CCSSM in the classroom. 
Participants understanding of the content knowledge 
CCSSM. Participants use of the CCSSM when 
designing lessons and assessments. 	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The data from the external document analysis provided the contextual information 
in which the participants work such as demographics factors of the school, progress 
report grades, student performance, student progress, school accountability report, and 
percentage of students at level 3 or 4 in the mathematics state assessment. The pre/post 
questionnaire was used to collect information about the participant’s professional 
background, demographic information about the participants, their attitudes and beliefs 
towards mathematics and mathematics education, their knowledge of the mathematics 
curriculum and resources, their instructional practices in the classroom, and their use and 
integration of technology in the classroom. The field notes included both descriptive and 
reflective information regarding meetings with teachers. Descriptive information included 
a description of the setting, the date, place and time, and a description of the teacher’s 
activities, what they said, and how they acted. The researcher took field notes after each 
interaction with the participants. The researcher conducted semi-structured interviews 
with the participants in July 2013 to “gather information that cannot be obtained from 
field observations, and to verify observations” (McMillan, 1996, p. 281).	  
 The qualitative data from the semi-structured interviews and field notes were 
used to carry out a thematic analysis. A thematic analysis was used in order to provide a 
comprehensive description of each case. This process generated categories and codes that 
were put through a cloud-based qualitative software (i.e., Dedoose) and were used to 
code the field notes and semi-structured interview transcripts.  
Rationale and Significance  
It is important that educational researchers critically assess existing professional 
learning opportunities for teachers.  As stated in Webster-Wright, “there is a need for 
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more research beyond the ‘development of professionals’ that investigates the 
‘experience of professional learning’ as constructed and embedded within authentic 
professional practice” (Webster-Wright, 2009, p. 713).  There is a need to design and 
evaluate innovative Common Core State Standards-aligned professional development 
approaches that positively impact instruction and shift the culture of teaching by: (1) 
situating the professional learning within the educational context; (2) using a design 
approach that can be applied across multiple educational contexts; and (3) focusing on 
key players in the system as the leaders for change.  
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CHAPTER 2. LITERATURE REVIEW 
So, how do teachers learn the mathematics that they need to teach, from what 
opportunities, and under what conditions? How can we improve teachers’ opportunities 
to learn? What kind of professional development is needed to support and promote this 
learning? 	  
The first part of this literature review explores the shifts in educational paradigms 
in mathematics education in the United States from the 17th century to current times, as 
well as the impact of the development and implementation of the new Common Core 
State Standards for Mathematics standards. The second section of this review focuses on 
the impact these new standards are having on the mathematical knowledge needed for 
teaching. This section also includes a discussion of several components of mathematical 
knowledge for teaching, focusing on content knowledge, pedagogical content knowledge, 
and technological content knowledge. The third part of this review will discuss teacher 
education programs in the United States. The last section will explore the different 
components of effective professional development programs for in-service teachers. 	  
Paradigm Shifts in Mathematics Education 
“Common Core” Schooling: Now and Then  
According to Resnick (2010) , initial elements of a Schooling for All philosophy 
emerged during the 17th century in Europe, and in the 19th century, both in Europe and 
North America, the purpose of schooling was to create literate citizens, that is, people 
who “could recite familiar texts and answer simple questions on which they had been 
drilled” (Resnick, 2010, p. 183). As schooling became more widespread, new subject 
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areas were introduced: basic arithmetic, history, geography, and some science and even 
though the content had changed, the classroom discourse remained the same (Resnick, 
2010). During the 19th and 20th centuries, an elite type of schooling was established 
where students were to be engaged in problem solving and knowledge-based reasoning 
(Resnick, 2010). In response to this elite schooling, in 1892, a group of educators 
attempted to create the first high school curriculum for the United States (Resnick, 2010). 
Since only around 10% of the student population continued schooling after the 8th grade, 
this first “common core” curriculum established over a century ago reached fewer 
students than what today’s new curriculum is expected to reach (Resnick, 2010). And this 
is the challenge for the 21st century: “an elite standard for everyone” (Resnick, 2010, p. 
2).	  
In 1994, the Third International Math and Science Study (TIMSS), the “most 
extensive and far-reaching cross-national comparative study ever attempted” 
(Carmichael, Martino, Porter-Magee, & Wilson, 2010), was carried out in the 42 
participating countries.  It tested students who were mostly 9 year-old (3rd or 4th graders 
in the US), 13 year olds (7th or 8th graders in the US), and students in the last year of 
secondary school students (12th graders in the US), in mathematics and science (Schmidt, 
Houang, & Cogan, 2002, p. 2). Along with this data collection, studies of 37 of the 
participating nations’ curriculum were also done (Schmidt et al., 2002). TIMSS 
curriculum studies have shown that the differences in test scores between countries are 
associated with what is taught in each nation (Schmidt et al., 2002). These studies were 
done by comparing the “intended” content—what is planned for teachers to teach—and 
the “enacted” content—that is, what is actually taught in the classroom (Schmidt et al., 
	  
	   14 
2002). Some of the conclusions of these studies show that, in most of the countries, the 
intended curriculum is more likely to be taught by the teachers. According to Schmidt et 
al. (2002), both teachers and students of the United States (US) are in great disadvantage 
if the nation does not adopt a common and coherent curriculum and the materials, 
resources, and instruction that support it. 	  
Resnick (2010) states that “the 21st century will require knowledge and skill well 
beyond the basic levels of reading and writing and arithmetic that American schools 
know how to produce more or less reliably” (p. 183). The idea of delivering this new 
“thinking curriculum” where all students can and should “learn a high-demand 
curriculum, focused on thinking and reasoning and grounded in mastery of complex 
bodies of knowledge,” requires a rethinking and restructuring of how today’s schools 
function (Resnick, 2010, p. 183).  	  
Over the past century, learning theory has been transforming producing “changed 
concepts of knowledge itself, new criteria for what counts as competent performance and 
as intelligence, new principles for instruction, and even new theories of how educational 
organizations work” (Resnick, 2010, p. 186).  Figure 2 shows the definitions of 
knowledge, competent instruction, instruction and learning, and aptitude and intelligence, 
by the learning scientists of the 1920’s and today’s compiled by Resnick (2010, p. 186). 
This new schema recognizes that “knowledge comes from multiple sources and that is 
often public, rather than controlled by academicians” (Resnick, 2010, p. 186),   thus 
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1920s	   Today	  
Knowledge	  
Bonds and lists	  
Few sources 	  
Controlled 	  
Bounded/fixed	  
Schemas and structures 	  




Automated skill 	  





Instruction and Learning	  
Practice and repetition 	  
“Stamping in” and “stamping out” 	  
Individual 	  
Interpretation and explanation 	  
Self-monitoring and self-management	  
Social 	  
Aptitude and Intelligence	  
Entity 	  
Intelligence limits learning 	  
Bell curve: few are highly capable	  
Incremental 	  
Intelligence is learnable 	  
Open capacity: many can become capable 	  
Figure 2. Definitions of Knowledge, Competent Instruction, Instruction and Learning, 
and Aptitude and Intelligence, by The Learning Scientists Of 1920’s And Today’s 
	  
The ‘New Thinking’ Curriculum: Common Core State Standards  
In response to having a curriculum that was “a mile wide and an inch deep”, 
which made the intended content not focused, highly repetitive, not very demanding by 
international standards, and incoherent (Schmidt et al., 2002), the National Governors 
Association Center for Best Practices and the Council of Chief State School Officers 
(CCSSO), jointly led the Common Core State Standards Initiative (Schmidt et al., 2002).  
In 2010, the Common Core State Standards (CCSS) for mathematics and English 
language arts were released (Porter et al., 2011).  These standards are fewer in number 
and focused on what students need to learn and not on how they are supposed to be 
taught (Porter et al., 2011).  And according to the Common Core’s mission statement, 
“the standards are designed to be robust and relevant to the real world, reflecting the 
knowledge and skills that our young people need for success in college and careers” 
(National Governors Association Center for Best Practices, 2010, p. 1)	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The CCSS for mathematics were developed by using “research-based learning 
progressions detailing what is known today about how students’ mathematical 
knowledge, skill, and understanding develop over time” (National Governors Association 
Center for Best Practices, 2010, p. 4). The standards for mathematics define what 
“students should understand and be able to do in their study of mathematics” (National 
Governors Association Center for Best Practices, 2010, p. 4). These standards will not 
only create homogeneity in what is being taught across the nation, but it will also 
improve the content message to teachers (Porter et al., 2011). Specifically for 
mathematics, “the Common Core standards represent a modest shift toward higher levels 
of cognitive demand than are currently represented in state standards” (Porter et al., 2011, 
p. 106). The Common Core standards represent a big shift for a lot of teachers since they 
are different from what they were used to teaching.  “Adoption of the Common Core 
standards will represent considerable change, especially at specific grade levels but even 
across ranges of grade levels, ignoring grade-to-grade differences” (Porter et al., 2011, p. 
114).	  
In New York City, the Department of Education (DOE) released a document with 
the Citywide Instructional Expectations for 2012-2013, which asks “school leaders and 
teachers to adjust their practices as they work together to understand the learning needs of 
all students, including students with disabilities and English language learners, in order to 
support them in developing the qualities and skills necessary to enroll, persist, and 
succeed in college and careers” (Education, 2012, p. 1). The DOE of New York City 
recommends that school leaders ensure that: (1) “teacher development focuses on 
supporting all students to meet the Common Core standards” (Education, 2012, p. 1) and 
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(2) “students experience Common-core aligned instruction across subjects” (Education, 
2012, p. 1). One of the expectations is that PK-5 students will have the opportunity to 
experience a total of four Common-core aligned units: two in mathematics and two 
aligned to the literacy standards in either ELA, science, or social studies (Education, 
2012).	  
Improving Educational Results: Progress and Challenges  
This new “thinking curriculum” calls for “instruction that is high in cognitive 
demand (conceptual learning, reasoning, explaining, and problem solving are engaged 
daily) and is embedded in specific, challenging subject matter” (Resnick, 2010, p. 186). 
“Skillful teaching can make the difference between students being at the top of the class 
or the bottom, completing high school or dropping out” (Ball & Forzani, 2011, p. 18). 
Research has shown that teaching cognitive skills without specific content is usually not 
effective (Resnick, 2010). Furthermore, drilling on facts, without demanding from 
students’ explanations of their reasoning, produces weak knowledge that is likely to 
disappear after the test (Resnick, 2010 as cited in Chi, 2000). 	  
As mentioned before, this new “thinking curriculum” requires changing the 
organizational structure of schooling.  A key element is preparing educators to assume a 
new way of teaching different from the one of their own-schooling or the one they are 
used to (Resnick, 2010). This new change not only requires shifts in instructional 
practices but also in teachers’ content knowledge (Resnick, 2010). Studies have shown 
that “students learn more mathematics when their teachers report having taken more 
mathematics” (Mewborn, 2001, p. 28). 	  
	  
	   18 
This teacher knowledge not only consists of the knowledge of the subject matter, 
but it also includes the abilities of being able to communicate the subject matter content, 
engage students in learning, and create an environment for successful learning (Resnick, 
2010).: content knowledge and pedagogical content knowledge (Shulman, 1986). In 
addition to these two knowledge areas, “educational technology needs to be understood 
not as an isolated event, but as a piece in the puzzle of how teachers teach and students 
learn” (Wenglinsky, 2005, p. 5). Researchers also believe that both teacher beliefs and 
instructional leadership are key pieces for improving educational results (Resnick, 2010).	  
Improving educational outcomes depends on many interconnected factors (Ball & 
Forzani, 2011), but “students’ learning depends fundamentally on what happens inside 
the classroom as teachers and learners interact over the curriculum” (Ball & Forzani, 
2011, p. 17). According to research, effective and skillful teaching can make the 
difference between high- and low-achieving students (Ball & Forzani, 2011). Training 
and support is needed to allow educators to teach responsibly (Ball & Forzani, 2011). 
Therefore, “improving educational outcomes for young people depends on developing 
and supplying skilled instructional practice” (Ball & Forzani, 2011, p. 18).	  
It might take some time to have high quality teachers.  (Resnick, 2010) states that 
educational institutions could start this process by creating human capital through the 
“development of social capital within schools and systematic introduction of instructional 
tools and routines” (p. 191), since these two have a direct impact on classroom instruction 
and thus, increase student learning and achievement. 	  
Since there is limited time for teacher training and professional development, 
teacher educators must be able to identify those core elements that are essential for 
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effective teaching (Ball & Forzani, 2011). These core elements include both high-
leverage practices and high-leverage content derived from the Common Core State 
Standards ((Ball & Forzani, 2011). A high-leverage practice is the “ability to recognize 
key patterns of thinking, ideas, and misconceptions that students in a specific grade level 
typically have when they encounter a given idea” (Ball & Forzani, 2011, p. 21). High-
leverage content encompasses those skills, ideas, texts, and topics fundamental to student 
learning (Ball & Forzani, 2011).	  
According to Kober & Rentmer (National Governors Association Center for Best 
Practices, 2010, p. 4), the US states who have adopted the CCSS must develop 
curriculum, materials, assessments, and instructional practices that are aligned to the new 
standards.  Teachers will have to “reflect on and shift daily practice as well as planning 
and implementation of Common-core aligned units” (Education, 2012, p. 1). Teachers 
will also have to be able to work in inquiry teams to: (1) adjust teaching and instruction 
by analyzing student work; (2) gain familiarity of strategic instructional practices by 
planning Common-core aligned units; (3) review the changes in the scope and sequence 
based on the alignment with the new state tests (Education, 2012). In order to meet these 
new requirements, adequate professional development should be provided to the teachers 
and administrators (National Governors Association Center for Best Practices, 2010).	  
What mathematical knowledge for teaching, “the mathematical knowledge that 
teachers use in classrooms to product instruction and student growth” (Hill et al., 2008, p. 
374), do teachers need in order to improve educational results?  How many mathematics 
teachers really understand the materials for instruction, alternative resources, technology, 
among others (Shulman, 1986)? 	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Mathematical Knowledge for Teaching: What Does It Mean?  
There have been disagreements about what mathematics teachers need to know in 
order to teach (Hill, Schilling, & Ball, 2004). While some argue that teachers’ capability 
in general mathematics is most important, others believe that these mathematical skills 
must be accompanied by knowledge of teaching, student, and content (Hill et al., 2004).	  
Mathematical knowledge for teaching is the mathematical knowledge needed by 
instructors to be able to perform the work of teaching mathematics (Hill, Rowan, & Ball, 
2005). “Mathematical knowledge for teaching goes beyond that captured in measures of 
mathematics courses taken or basic mathematical skills” (Hill et al., 2005, p. 372). 
According to Hill et al. (2005), mathematics teachers need to be able to: (1) compute 
correctly; (2) use visual representations of mathematics concepts; (3) provide students 
with common algorithms; and (4) analyze student work.   
Measuring Mathematical Knowledge for Teaching 
In the past 20 years, teachers’ mathematical knowledge for teaching has been a 
significant point of discussion in the field of mathematics education (Hill & Ball, 2004).  
These concerns have led to new studies on the relationship between teachers’ knowledge 
and the quality of teaching (Hill & Ball, 2004).  Results from these studies have been 
incorporated by national, state, and local teaching standards boards and federations and 
by professional teaching organizations, and have led to the development and use of 
teachers licensing assessments (Hill & Ball, 2004).   
Studies have shown that there is a lack of agreement between these standards and 
assessments on what teachers need to know to teach mathematics (Hill & Ball, 2004).   
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Some exams assess individuals’ ability to solve middle-school-level 
mathematics problems (e.g., California Basic Educational Skills Test), 
others the ability to construct mathematical questions and tasks for 
students (e.g., Exam for the Certification of Educators in Texas), and still 
others the ability to understand and apply mathematics content to teaching 
(e.g., Massachusetts Tests for Educator Licensure) (p. 12).  
While some researchers in mathematics education argue that teacher’s capability 
is determined by the knowledge and skills they have in general mathematics, others 
believe that this ability should be accompanied by knowledge of student thinking about 
content (Hill et al., 2004). “Measuring quality teachers through performance on tests of 
basic verbal or mathematical ability may overlook key elements in what produces quality 
teaching” (Hill et al., 2005, p. 375). According to Hill et al. (2005), effective teaching not 
only depends on the knowledge teachers have acquired, but it also depends on how this 
knowledge is implemented in the classroom.  Teachers who are greatly skilled in 
mathematics will be able to help others learn mathematics only if they are able to use 
their knowledge to carry out teaching tasks like listening to students, manage discussions, 
and select good assignments, among others (Hill et al., 2005).  
Unfortunately, due to the lack of measures and instruments, there has been little 
success in determining when and whether teachers develop their mathematical knowledge 
for teaching during professional development (Hill & Ball, 2004).   
Mathematical Content Knowledge  
Do teachers need knowledge of advanced calculus, linear algebra, abstract 
algebra, differential equations, or complex variables in order to successfully teach 
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high school students?  Middle school students?  Elementary students?  Or do 
teachers only need to know the topics they actually teach to students? (Ball et al., 
2005, p. 16). 	  
Teachers need content knowledge of their discipline.  Content knowledge refers to 
“the amount and organization of knowledge per se in the mind of the teacher” (Shulman, 
1986, p. 9). Teachers’ content knowledge goes beyond knowing the facts and concepts of 
a domain; it also includes the understanding of the structures of the subject matter 
(Shulman, 1986), examining and understanding unusual solution methods when solving 
problems (Ball et al., 2005), how it is used in other professions or occupations (Shulman, 
1986), among others. Ball and Forzani (2011, p. 20) define this conceptual understanding 
as “the capacity for disciplined reasoning, analysis, argument, and critique; and the 
ability to communicate ideas and interact effectively with others.”	  
With the appropriate content knowledge for their subject matter, teachers are able 
to carry the needed procedural tasks.  According to Ball, Thames, and Phelps (2008), 
some of these procedural tasks, that demand a unique mathematical understanding and 
reasoning, are: (1) being able to solve mathematical problems correctly; (2) correct use of 
terms and notations; (3) correct understanding and reasoning of the mathematics in the 
curriculum; (4) correct use of mathematical language; (5) effective use of mathematical 
representations; and (6) explain and justify one’s mathematical ideas. 	  
For example, according to Ball et al. (2005), students need definitions that are  
practical and that rely on the ideas and terms that they already understand.  Teachers must 
by skillful with mathematical terms and discourse, which might mean that they might 
require them to know more than the definitions that they learned in college (Ball et al., 
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2005). There is a need for “teachers to have specialized fluency with mathematical 
language, with what counts as a mathematical explanation, and with how to use symbols 
with care” (Ball et al., 2005, p. 21).	  
Unfortunately, the literature shows that many teachers are not capable of 
delivering conceptual explanations for the tasks they carry out inside the classroom due 
to their lack of understanding of the domain knowledge (Mewborn, 2001).  Figure 3 
shows some examples of teachers’ lack of conceptual understanding and its effects in 
instructional practice (Mewborn, 2001).  
Conceptual Understanding	   Effect of Procedural Tasks	  
Division 	   Rely only on the sharing interpretation of division. 	  
Division of whole number by a fraction 	   Unable to generate word problems and often provide 
problems that only represent multiplication 	  
Rational numbers	   Rely on whole number knowledge which leads to 
overgeneralization and misconceptions 	  
Ratios and fractions	   Do not know difference between a ratio and a fraction 	  
Area and perimeter	   Assume that there is a constant relationship between 
area and perimeter; inappropriate use of units	  
Figure 3. Examples of Teachers’ Lack of Conceptual Understandings and Its Effect in 
Instructional Practice 
	  
Even though some studies have shown that teachers who are knowledgeable in 
their content area provide better mathematical explanations, have a better understanding 
of the structure of the discipline, are better “listeners” of their students, and are more 
capable of constructing better representations (Hill et al., 2005), there are also studies that 
have shown that “while a number of elementary teachers with weak content knowledge 
are predisposed to telling students rules and explaining algorithmic procedures, a number 
of teachers with strong content knowledge behave similarly” (Mewborn, 2001, p. 30). 	  
Mewborn (2001) states that just knowing mathematics does not guarantee that one 
can teach it in ways that will allow all students to deepen their conceptual understanding.  
“Teachers must understand their subjects deeply and flexibly, and skillfully represent 
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them in intellectually honest ways to a wide range of students” (Ball & Forzani, 2011, p. 
20). 	  
Pedagogical Content Knowledge  
When asked scholars what practicing teachers need to know, their answer is 
pedagogical content knowledge (Mirel, 2011). According to Shulman (1986), 
pedagogical content knowledge (PCK) goes beyond the subject matter knowledge.  
Pedagogical content knowledge is the “subject matter knowledge for teaching” (Shulman, 
1986, p. 9) which also includes “an understanding of what makes the learning of specific 
topics easy or difficult; the conceptions and preconceptions that students of different ages 
and backgrounds bring with them to the learning of those most frequently taught topics 
and lessons” (Shulman, 1986, p. 9).	  
Scholars continue doing research to better understand how the components of 
effective teaching can improve the quality of teaching (Mirel, 2011). “The notion of 
pedagogical content knowledge has permeated scholarship on teaching and teacher 
education but has done so unevenly across fields” (Ball et al., 2008, p. 393); the literature 
shows very few articles about pedagogical content knowledge (PCK) in mathematics 
education. 	  
Teachers must have a strong background of the subject they are teaching and 
should be able to communicate knowledge to others (Mirel, 2011). How teachers are able 
to represent knowledge is a main element of effective teaching (Mirel, 2011).	  
PCK [pedagogical content knowledge] offers the possibility of changing the 
nature and content of schools and colleges of education by getting them to 
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concentrate on reconnecting subject matter and pedagogy in ways that make a 
dramatic difference in how teachers teach (p. 11).	  
According to Ball et al. (2005), mathematics knowledge for teaching goes beyond 
being able to perform an algorithm correctly.  Teachers need to be able to determine 
where students have gone wrong, explain the origin of an algorithm and why it works in 
an appropriate-age language that students will understand, and they need to be able to use 
adequate mathematical representations (Ball et al., 2005).	  
For example, finding the perimeter of a rectangle is different than thinking about 
how students might generalize the relationship between area and perimeter (Ball et al., 
2008).  While the first task only requires knowledge about how to calculate the perimeter, 
the second one requires the ability to “think flexibly about perimeter to analyze another’s 
claim” (Ball et al., 2008, p. 393).  The teacher must be able “to think from the learner’s 
perspective and to consider what it takes to understand a mathematical idea for someone 
seeing it for the first time” (Ball et al., 2005, p. 21). 	  
“Learning about common conceptions and misconceptions about specific topics in 
one’s field support teacher problem solving by allowing teachers to be more efficient in 
their planning and more effective in their responses to students” (Darling-Hammond & 
Bransford, 2007, p. 362). This type of skillful teaching requires teachers to know their 
students well, “not only their personalities and preferences, but also their ideas about 
subjects and their ways of thinking about them, including their intellectual habits, 
misconceptions, and interests” (Ball & Forzani, 2011, p. 20). 
 Technological pedagogical content knowledge 
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Teaching is a complex practice that requires the connection between different 
kinds of knowledge.  According to (Ball & Forzani, 2011), skillful teaching also involves 
the strategic employment of technology. 	  
Studies have shown that teachers have inadequate experience in using 
technologies in their instruction (Koehler & Mishra, 2009). “Teaching with technology is 
complicated further considering the challenges newer technologies present to teachers” 
(Koehler & Mishra, 2009, p. 61). Thus, “knowledge of technology becomes an important 
aspect of overall teacher knowledge” (Mishra & Koehler, 2006, p. 1024).	  
But, what do teachers need to know in order to appropriately integrate technology 
into their teaching?  “What is the value-added of the technology above and beyond good 
teaching” (Wenglinsky, 2005, p. 9)?	  
There is no one correct way to integrate technology into the teaching and learning 
process.  Educational technology should not be considered as an isolated event in the 
process of how teachers teach and how students learn (Wenglinsky, 2005). Adequate 
integration of technology requires for teachers not only to understand the technology, but 
they also need to understand the curriculum and how instructional practices fit into it 
(Wenglinsky, 2005).	  
Technological pedagogical content knowledge (TPCK) is 	  
the basis of teaching with technology and requires an understanding of the 
representation of concepts using technologies; pedagogical techniques that use 
technologies in constructive ways to teach content; knowledge of what makes 
concepts difficult or easy to learn and how technology can help redress some of 
the problems that students face; knowledge of students’ prior knowledge and 
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theories of epistemology; and knowledge of how technologies can be used to 
build on existing knowledge and to develop new epistemologies or strengthen old 
ones (Mishra & Koehler, 2006, p. 1029).	  
According to Mishra & Koehler (2006), TPCK offers the opportunity to identify 
which teacher knowledge components are needed for appropriate and thoughtful 
integration of technology in education.  First of all, teachers need to be comfortable with 
the technology in order to be able to use it as a learning tool (Wenglinsky, 2005). Second, 
even though teachers might be comfortable with the technology, if they are not 
comfortable with the subject matter and pedagogy, they would not be able to integrate it 
effectively into their teaching (Wenglinsky, 2005).   
Teacher Education 
The complexity of teaching  
Teaching is complex.  It is specialized and professional.  It is intricate work.  For 
some, teaching is defined as “helping others learn to do particular things; is an everyday 
activity in which many people engage regularly” (Ball & Forzani, 2009, p. 498).  In 
education, professional classroom teaching is “specialized work that is distinct from 
informal, commonplace showing, telling, or helping” (Ball & Forzani, 2009, p. 498 as 
cited in Cohen, 2004). 	  
Yet, “making the transition to becoming a professional requires the learning to do 
things that are not common in daily life and that most competent adults cannot do well” 
(Ball & Forzani, 2009, p. 499).  It requires “integrating many kinds of knowledge and 
skills in making judgments about how to pursue multiple goals with learners who have 
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diverse needs” (Darling-Hammond, Hammerness, Grossman, Rust, & Shulman, 2005, p. 
390). It requires special knowledge and skills that are not just by-products of intelligence 
(Ball & Forzani, 2009). It requires for teachers to deal with the complexity of teaching 
inside the classroom, as well as deal with the outside classroom factors that influence 
teaching (Hammerness et al., 2005).	  
Hammerness et al. (2005) quote Lampert (2003)’s work, Teaching problems and 
the problems of teaching, by stating that “one reason teaching is a complex practice is 
that many of the problems a teacher must address to get students to learn occur 
simultaneously, not one after another” (p.377).  There are four elements for reflecting on 
the complexity of teaching: (1) “teaching is never routine”; (2) “teaching has multiple 
goals”; (3) “teaching is done in relationship to very diverse group of students”; and (4) 
“teaching requires multiple kinds of knowledge to be brought together in an integrated 
way” (Hammerness et al., 2005, p. 377 as cited in Lampert, 2003).	  
“Teaching is an example of an ill-structured discipline, requiring teachers to apply 
complex knowledge structures across different cases and contexts” (Koehler & Mishra, 
2009, p. 61). Effective teaching requires knowledge of pedagogy, knowledge of subject 
matter, and increasingly, knowledge of technology (Koehler & Mishra, 2009). 	  
Teachers as learners  
“How do teachers learn to draw upon and use their understanding of subject 
matter, learning, development, culture, language, pedagogy, and assessment in addressing 
concrete problems of practice” (Hammerness et al., 2005, p. 358)?	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Teacher learning is a relatively new topic in research in education.  Research on 
how people learn establishes that 	  
individuals process and understand new information (correctly or incorrectly) in 
light of their experiences and prior knowledge and beliefs, and that they will often 
fail to remember, understand, or apply ideas that have no connections to their 
experience and no context for acquiring meaning (Hammerness et al., 2005, p. 
369)	  
According to Darling-Hammond and Bransford (2007), 	  
Teaching teachers is certainly among the most demanding kinds of 
professional preparation: teacher educators must constantly model 
practices; construct powerful learning experiences; thoughtfully support 
progress, understanding, and practice; carefully assess students’ progress 
and understandings; and help link theory and practice. 	  
Skillfully enacting this kind of teaching of teachers takes time, effort, and 
most important, institutional support-- and cannot be easily undertaken in 
a context that is unsupportive or conflicting. (p. 441)	  
How do teachers develop new teaching skills?  According to Hammerness et al. 
(2005)  as cited in Joyce and Showers (2002), teachers go through a constant process of 
learning, experimenting, and reflecting as they are developing new skills to use in the 
classroom and state that this process can be supported by skilled coaching and peer 
support.  From a situative perspective, teacher learning “is usefully understood as a 
process of increasing participation in the practice of teaching, and through this 
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participation, a process of becoming knowledgeable in and about teaching” (Borko, 2004, 
p. 4 as cited in Adler, 2000). When thinking about how teachers learn, it is important to 
consider each teacher as an individual teacher-learner, as well as the social systems in 
which they are part of (Borko, 2004). 	  
In-service teachers learn about teaching in many different ways.  “For teachers, 
learning occurs in many different aspects of practice, including their classrooms, their 
school communities, and professional development courses or workshops” (Borko, 2004, 
p. 4).	  
First, teachers learn from their own practice (Bransford, Brown, & Cocking, 
2000). “Teachers gain new knowledge and understanding of their students, schools, 
curriculum, and instructional methods by living the practical experiments that occur as a 
part of professional practice” (Bransford et al., 2000, p. 191 as cited in Dewey, 1963). 
Second, teachers learn from their interactions with other teachers and colleagues 
(Bransford et al., 2000).  Some of this teacher learning happens through either formal or 
informal mentoring and can also happen when having a conversation in the hallway with 
a colleague (Bransford et al., 2000).  It is important to note that this type of learning can 
also occur outside of school.  Teachers also teach other teachers during professional 
organizations activities, such as meetings, workshops, and presentations, among others 
(Bransford et al., 2000).  Third, teachers also learn from teacher educators in their schools 
(Bransford et al., 2000).  Fourth, many teachers are enrolled in graduate programs 
(Bransford et al., 2000).  Finally, teachers learn about teaching in activities outside their 
professional work, such as their role as parents, or their role as coaches or mentors in 
youth-related work in their communities (Bransford et al., 2000).  	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If teachers are to prepare an ever more diverse group of students for much more 
challenging work—for framing problems; finding, integrating and synthesizing 
information; creating new solutions; learning on their own; and working 
cooperatively—they will need substantially more knowledge and radically 
different skills than most now have and most schools of education now develop 
(Darling-Hammond, 1997, p. 154).	  
Teacher education programs must lay the groundwork for lifelong learning 
(Hammerness et al., 2005). In order to provide effective learning opportunities for 
teachers, teacher educators must have a clear idea on what people should know and 
should be able to do (Wiggins & McTighe, 2005). “Successful learning for teachers 
requires a continuum of coordinated efforts that range from preservice education to early 
teaching to opportunities for lifelong development as professionals” (Bransford et al., 
2000, p. 205).	  
Teacher education in the United States 
“Research on teacher education is still a relatively young field” (P. Grossman & 
McDonald, 2008, p. 184). In the past, research on teaching has gone from looking 
primarily at teacher characteristics towards looking at teachers’ behaviors, decision-
making, knowledge, reflections and dispositions (P. Grossman & McDonald, 2008). 
Also, “little emphasis was placed on the importance of understanding how people learn or 
the design of curriculum and assessment” (Darling-Hammond et al., 2005, p. 396) and 
more was placed on the “tricks of trade.”  Many in-service teachers have attended teacher 
education programs that are “overly theoretical, having little connection to practice, 
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offering fragmented and incoherent courses, and lacking in a clear, shared conception of 
teaching among faculty” (Darling-Hammond et al., 2005, p. 391).	  
In the late 1980s, with the teacher education reform, many programs were 
restructured based on theories of professional learning (Darling-Hammond et al., 2005).  
When designing teacher education programs, researchers have established three main 
elements: content of teacher education, learning process, and learning context (Darling-
Hammond et al., 2005, pp. 394-395), as shown in Figure 4.	  
Element	   Description	  
The content of teacher 
education 	  
What it is taught and how it is connected. 	  
The learning process	   The extent to which the curriculum builds on and enables candidates’ 
readiness and is grounded in the materials and tools of practice in ways 
that allows teachers’ understanding to be enacted in the classroom.	  
The learning context	   The extent to which teacher learning is situated in contexts that allows 
the development of expert practice. 	  
Figure 4. Main Elements in Teacher Education Programs 
	  
Research shows that teacher education programs must include the content 
knowledge as well as how to teach it, how to design curriculum and assessments, and 
how to plan classroom environments (Darling-Hammond et al., 2005).  In these new 
programs, teachers not only need to be able to implement particular techniques in the 
classroom, but the teacher education program should also support teachers in developing 
curriculum by thinking pedagogically, investigating problems, and analyzing student 
learning (Darling-Hammond et al., 2005).  Learners benefit from a curriculum that is 
“organized around the structure of a subject—the fundamental ideas, concepts, and issues 
of a field” (Darling-Hammond et al., 2005, p. 397).  When educators begin by looking at 
the entire curriculum and see how the concepts are connected and related, it deepens their 
understanding and would allow them to use more of what they are learning in the 
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classroom (Darling-Hammond et al., 2005).  These deep understanding engrosses going 
over main ideas and concepts again and again (Darling-Hammond et al., 2005).  	  
A framework for teaching could identify key components of teaching, both those 
that are common across grade levels, subject areas, students, and school context 
and those that are particular to specific subject matters, to specific kinds of 
learners, such as English-language learners, or to particular teaching contexts” (P. 
Grossman & McDonald, 2008, p. 186).  	  
If teachers have the opportunity to engage in activities that are related to the 
subject matter they are teaching and aim for their students to be able to perform, they will 
be more likely to implement those practices in their classrooms (P. Grossman & 
McDonald, 2008). 	  
“Changing teacher preparation to more fully engage core practices and 
pedagogies of enactment requires a significant shift in the practice of teacher education” 
(P. Grossman & McDonald, 2008, p. 191). In order for this to be successful, teacher 
educators must themselves understand the curriculum and its structure in order to be able 
to teach it (Lieberman & Wood, 2003). Also, teacher educators must be able to develop 
teachers’ readiness for learning (Darling-Hammond et al., 2005).  University professors 
who had been K-12 teachers and continue a teaching presence in schools as well as 
conduct research about teaching impart many of these teacher education programs 
(Darling-Hammond et al., 2005).  	  
Ball and Forzani (2011) are calling for a common core for teaching practice, 
whose focus should be on the development of instructional practice.  Instructional 
practice is defined as “the fundamental professional imperatives of teaching are to help 
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students master academic knowledge and skill, and to support their social and emotional 
development” (Ball & Forzani, 2011, p. 19). Teachers’ academic training should be able 
to support what teachers will be teaching in the classroom (Ball & Forzani, 2011). What 
teachers will be teaching in the classroom does not only correspond to what it is being 
assessed in the standardized tests, but teachers should also develop a conceptual 
understanding of the curriculum (Ball & Forzani, 2011).	  
Professional Development  
“How can we create teacher education programs that are effective in enabling 
teachers to acquire the knowledge, skills, and dispositions that will allow them to 
succeed?” (Darling-Hammond & Bransford, 2007, p. 390).  In today’s context, teachers 
are expected to align their instruction to new learning state learning standards, as well as 
to the students’ realities and prior knowledge, in order to support all students in the 
classroom (Darling-Hammond & Bransford, 2007).   
“In order to teach in a manner consistent with new theories of learning, extensive 
learning opportunities for teachers are required” (Bransford et al., 2000, p. 203). Teachers 
need: (1) knowledge of mathematics; (2) instructional tools and assessments that reveal 
students’ thinking; (3) instructional programs and lessons aligned to the standards; and 
(4) opportunities to listen and respond to students (Daro et al., 2011). Recent studies have 
shown that “teacher professional development is essential to efforts to improve our 
schools” (Borko, 2004, p. 3). It is important to also consider that teachers who are 
involved in professional development move through different stages as they learn the 
information and begin to appropriate the ideas and integrate them into their own practice 
(T.R. Guskey, 1999). These five stages or levels are: (1) participant’s reactions, (2) their 
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learning, (3) the support provided, (4) their use of new knowledge and skills, and (5) the 
impact on students (T.R. Guskey, 1999). But what exactly is professional development? 	  
Types of professional development 
There are a variety of definitions for professional development. Definitions range 
from “any activity that is intended partly or primarily to prepare paid staff members for 
improved performance in present or future roles in the school districts” (Desimone, 2009, 
p. 182) to a series of activities and methods for learning, where teacher learning depends 
on the frequency of the use of certain activities and structures in the professional 
development programs (T.R. Guskey, 1999). Other authors state that informal or formal 
learning communities also provide teacher development and growth (Desimone, 2009) 
Co-teaching, mentoring, reflection on lessons, and group discussions are considered 
activities of embedded professional development (Desimone, 2009). Desimone (2009) 
states that curriculum materials are also a source for professional development if they are 
intended to be “educative”. It is also considered professional development when teachers 
have learning experiences in the classroom through the means of self- or peer-
observations of the teaching practice (Putnam & Borko, 2000).  Coaching, “a form of in-
class support to provide teachers with feedback on their functioning and thereby stimulate 
the self-reflection and self-analysis needed to improve instructional effectiveness” is 
another type of professional development (Veenman & Denessen, 2001, p. 385). Finally,  
mentions, teacher-learning opportunities happen when teaching a lesson, when 
administering an assessment, when reviewing the curriculum, or when reading a 
professional journal or magazine.	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The professional development that is actually available to teachers is sadly 
inadequate; “it is fragmented, intellectually superficial, and do[es] not take into account 
what we know about how teachers learn” (Borko, 2004, p. 3). In the last 20 years, there is 
evidence that effective professional development can lead to improvement in both 
instructional practices and student learning (Borko, 2004).	  
Effective professional development  
For decades, studies of professional development consisted mainly of 
documenting teacher satisfaction, attitude change, or commitment to innovation 
rather that its results or the processes by which it worked.  In the past decade the 
field has acknowledged a need for more empirically valid methods of studying 
professional development (Desimone, 2009, p. 181).	  
What has the research shown about what makes professional development 
effective?	  Professional development should have an 	  
emphasis on what is happening in the day-to-day life of participants in 
those systems helps make visible the structural and historically existing 
contradictions inherent in complex activity systems, like schools, and 
refocuses our analytical lens and objects of design. Studying the “social 
life of interventions” moves us away from imagining interventions as 
fixed packages of strategies with readily measurable outcomes and toward 
more open-ended social or socially embedded experiments that involve 
ongoing mutual engagement (Gutiérrez & Penuel, 2014, p. 20). 	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For that reason, it is important for the professional developer to be embedded in 
the lives of the teachers. According to Cochran-Smith and Lytle (2009) practitioner 
research is	  
grounded in the identification and empirical documentation of the daily 
dilemmas and contradictions of practice, which then become grist for the 
development of new conceptual frameworks and theories. In turn, these 
new distinctions and concepts guide new understandings and 
improvements in practice in the local site, as well as more broadly (p. 95). 	  
McMillan (1996, p. 279) states that a participant observer “participates as a 
member of the group but is known as a researcher.” As a participant observer, the 
professional developer is “an observer [that] takes part in the daily activities, rituals, 
interactions, and events of the people being studied as one of the means of learning the 
explicit and tacit aspects of their culture” (DeWalt & DeWalt, 2010, p. 260). In other 
words, “there are no distinct moments when they are only researchers or only 
practitioners. Rather, these activities and roles are integrated and dynamic” (Cochran-
Smith & Lytle, 2009, p. 95). 	  
Since instruction in the classroom has to be aligned to the district and school’s 
goals, Penuel, Fishman, Yamaguchi, and Gallagher (2007) state that teachers would 
commit to adopting and/or adapting the innovations if the professional development is 
congruent to their goals. This type of professional development should consider the 
resources, materials, and teaching strategies needed for supporting such innovations, as 
well as be aware of the possible implementation barriers (Penuel et al., 2007). “Teachers 
also need to understand the professional and contextual constraints on their curriculum 
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decisions-- constraints that are inherent in the role of the teacher”-- such constraints 
might include available school resources, class size and its composition, state or city 
expectations, standardized tests that students will be held accountable for, among others 
(Darling-Hammond & Bransford, 2007, p. 189). 	  
Even though professional development that has a mix of content and 
implementation strategies is necessary to support teachers in their instruction, there is 
also a big push for professional development that not only focuses on the content 
knowledge and specific forms of content (Penuel et al., 2007). This type of closely-
aligned to practice professional development will provide the support so teachers could 
focus on what students are expected to understand, know, and be able to do, as well as the 
nature and types of students’ misconceptions (Hill et al., 2005).	  
This new set of students’ expectations is dictated by state-adopted standards. “For 
many experienced teachers, focusing on standards has meant moving away from rote 
knowledge and skills used in isolation toward a greater focus on conceptual 
understanding of core ideas and on students’ abilities to solve problems and formulate an 
argument” (Darling-Hammond & Bransford, 2007, p. 281). Teachers need to be able to 
not only understand the standards, but also be able to understand how each set of grade 
standards support other grade level standards, as well as other standards in other 
domains-- in other words, teachers need to be able to vertically and horizontally find 
connections among standards. 	  
Professional development programs should allow for teachers to carefully observe 
students and student work, as a way to both identify and analyze the many forms of 
learning (Darling-Hammond & Bransford, 2007). “Teachers who are reflective about 
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their practice use data systematically to make judgments about the specific aspects of 
instructional strategies that may be hindering learning” (Darling-Hammond & Bransford, 
2007, p. 292).	  
Another trait of effective professional development is when teachers have the 
opportunity to engage in hands-on, active learning, inquiry activities and studies have 
shown that it results in positive student achievement outcomes (Penuel et al., 2007). 
Research has also shown that when teachers are more open to use an inquiry approach in 
the classroom, that is student questioning and discussion, when they are more 
comfortable with how to teach a particular topic (Penuel et al., 2007 as cited in Brown & 
Campione, 1996; Fishman & Krajcik, 2003). According to Darling-Hammond and 
Bransford (2007) teachers need to support in developing inquiry skills to understand 
students’ thinking. Through inquiry, teachers will not only just memorize facts but also 
understand the relevance of using student data to inform their instruction and adapt 
accordingly.  
“Teachers need to know how to evaluate their curriculum decisions-- to collect 
diagnostic, formative, and summative information about what is working and how 
students are learning against the variety of different goals they may have for their 
classroom” (Darling-Hammond & Bransford, 2007, p. 186). Alternative ways of 
promoting learning in teachers within a professional development setting is to plan, enact, 
and revisit curricular units since it allows teachers to better understand the curriculum 
that they are teaching (Penuel et al., 2007). “Therefore, professional development that 
incorporates times for instructional planning, discussion, and consideration of underlying 
	  
	   40 
principles of curriculum may be more effective in supporting implementation of 
innovations” (Penuel et al., 2007, p. 931).	  
Planning for instruction requires for teachers to identify what students should 
know, be able to do, and understand, as well as how they will acquire it. Understanding 
by Design (UbD) (Wiggins & McTighe, 2005) provides an important framework for 
planning instruction. Identifying enduring or “big” ideas of the disciplines in order to 
determine the type of assessments and learning activities for instruction. UbD (Wiggins 
& McTighe, 2005) uses a backward design approach that begins with the desired results 
(i.e., learning goals, understandings, knowledge, skills, essential questions) needed to 
design the types of assessment that will provide evidence of students’ acquisition of the 
enduring ideas. The last step of this backward design approach details the learning 
activities needed for such acquisition.  
Professional development should also provide teachers with understanding the 
role of technology in today’s instruction-- teachers need to be able to integrate the 
necessary technology as they are planning their curriculum (Darling-Hammond & 
Bransford, 2007). 
According to Penuel et al. (2007), teachers who as a group participate in 
professional development often motivate each other through problem of practice together.  
Studies have shown that teachers who are coached by trained coaches “strengthens the 
autonomy of the teachers and thereby their ability to reflect on their instructional 
effectiveness and formulate action plans to improve their teaching”(Veenman & 
Denessen, 2001, p. 409). These coaches could be supervisors, teacher educators, 
colleagues or veteran teachers.  When teachers have the opportunity to get support from 
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their colleagues, who are more expert than they are, it allows them to extend what they 
learn in professional learning experiences (Darling-Hammond & Bransford, 2007).	  
Penuel et al. (2007), as cited in (J. L. Brown, 2004) suggest that professional 
development of longer duration and greater time span will more likely provide the 
learning opportunities that teachers need to integrate knowledge to practice. This requires 
close coordination with the teachers.  
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CHAPTER 3. METHODS 
Introduction  
This research study took place between December 2012 and July 2013. It 
documents two case studies of two “Sunnyside Elementary” schoolteachers: Ms. Victoria 
Greene, a grade-four teacher, and Ms. Sara Stein, a grade-five teacher. The names are 
pseudonyms.  The study was part of a larger University STEM initiative with several 
urban community schools. 	  
A research and development center at the University, the Center for Technology 
and School Change, was invited to become a partner. The Center was partnered up with 
two community schools—one of them being “Sunnyside Elementary.” The Center’s team 
consisted of a University faculty member and a professional developer—a graduate 
research assistant and mathematics education doctoral student—that designed and carried 
out the professional development, as well as collected data on the intervention for 
research purposes. The professional developer—the Facilitator—wrote these two case 
studies. 	  
Research Questions  
These two case studies document how the Facilitator, using Center’s Professional 
Development Model for Innovating Instruction, supported teachers’ learning and practice 
needed to create innovative mathematics learning experiences in their classrooms. The 
research questions addressed by the case study analyses are:	  	  
1. What knowledge do elementary teachers need to be designers of innovative 
learning experiences in their mathematics classrooms?	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2. What kind of professional development is needed to support and promote the 
acquisition of this knowledge?  	  
Rationale for Research Approach—Method  
A case study approach was chosen for this dissertation. A case study is “an intensive 
description and analysis of a bounded social phenomenon (or multiple bounded 
phenomena), be this a social unit or a system such as a program, an institution, or a 
process” (Bloomberg & Volpe, 2012, p. 31). According to Yin (2003), “the case study’s 
unique strength is its ability to deal with a full variety of evidence—documents, artifacts, 
interviews, and observations” (p. 8). The purpose of choosing a case study is that it 
encompasses a thorough description of a specific setting and its participants 
complemented with the data analysis of themes, patterns, and issues (Bloomberg & 
Volpe, 2012). 
This case study took into consideration the five components of a research design 
(Yin, 2003). 
The complete research design should indicate what data are to be 
collected—as indicated by (a) a study’s question, (b) its propositions, and 
(c) its units of analysis. The design also should tell you what is to be done 
after the data have been collected—as indicated by (d) the logic linking 
the data to the propositions and (e) the criteria for interpreting the findings 
(p.28).  
For this case study, two research questions were established taking into 
consideration the needs of the study—to critically assess a professional learning 
opportunity for elementary teachers that positively impacts instruction and shifts the 
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culture of teaching. Data were collected from the two units of analysis—the two 
teachers—and were analyzed using qualitative methods to study the facilitator’s work 
when using the Center’s Professional Development Model for Innovating Instruction 
with two “Sunnyside Elementary” schoolteachers. According to Bloomberg and Volpe 
(2012), 
Qualitative research is suited to promoting a deep understanding of social 
setting or active as viewed from the perspective of the research 
participants. This approach implies an emphasis on exploration, discovery, 
and description (p. 27). 	  
The Center’s Professional Development Model for Innovating Instruction 
Over the last decade, the Center has been developing a collaborative professional 
development model for working with high-need urban schools: Professional 
Development Model for Innovating Instruction2.  The Center’s mission highlights the 
importance of supporting schools for students’ success. 	  
The Center is committed to the creation of innovative learning 
environments for all students. Recognizing technology as a catalyst for 
transforming instruction, the Center engages in research and practice to 
reimagine approaches to equitable education in the digital age (CTSC, 
n.d.).	  
This approach is anchored in the Center’s mission, as well as in the design-based 
research findings from over a decade of work with teachers and leaders across PK-12 
schools. The perspective for this approach is drawn from a number of sources including 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Situate. Design. Lead. © Center’s Professional Development Model for Innovating Instruction	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Cochran-Smith and Lytle (2009), Borko (2004), Fullan (2001), Scardamalia and Bereiter 
(2006), Darling-Hammond and Bransford (2007), among others. T.R. Guskey (1999), 
who emphasizes the professional development’s evolving nature with five levels: (1) 
participant’s reactions, (2) their learning, (3) the support provided, (4) their use of new 
knowledge and skills, and (5) the impact on students.  
The Center’s professional development approach includes three key elements: 
design process, situated learning, and leadership. University facilitators (1) engage 
teachers as designers of student-centered, authentic learning experiences, (2) champion 
professional learning that is embedded in the realities of teachers and schools, and (3) 
support leaders in guiding and sustaining change initiatives, while positioning teachers as 
agents of change.	  The design component engages teachers as designers of student-
centered, authentic learning experiences through: (1) embrace of a design approach; (2) 
enrich content knowledge; (3) integrate assessment practices; and, (4) leverage of digital 
tools. The situate component provides learning experiences for teachers that respects 
them as professionals and adapts the learning for their particular school and situation. The 
lead component supports leaders in guiding and sustaining change initiatives, while 
positioning teachers as agents of change. Figure 1	  provides a description of each 
component and its subcomponents of the Center’s Professional Development Model for 
Innovating Instruction. 	  
Situated learning is the context in which how a person learns becomes as 
important as the appropriated knowledge and skills itself (Putnam & Borko, 2000). 
Situating professional development provides authentic learning experiences for teachers 
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and administrators and considers teachers as active knowledge builders (Webster-Wright, 
2009) as it “situates” it in the teachers’ own classrooms (Borko, 2004). 	  
The design process includes approaches to teaching for understanding by 
emphasizing content knowledge (CK), pedagogical content knowledge (PCK) and 
technological pedagogical content knowledge (TPCK).  It incorporates a structured 
design approach to planning that focuses on what students need to understand.  It also 
emphasizes instruction, which contains the content and pedagogy.  Content includes the 
knowledge and skills needed for instruction that will allow students to learn (Ball & 
Forzani, 2009). The pedagogy describes the specific approaches used in the teaching 
process.  In the case of the Center, this encompasses the ability to create opportunities for 
students to construct knowledge (Scardamalia & Bereiter, 2006). Another characteristic 
of the design process is that is focuses on authentic assessment, both summative and 
formative, for gathering data on student thinking.  Finally, the design element includes 
the integration of digital tools to support standards-based curriculum, the design of 
instruction based on student understandings, and the observation of students. 	  
The third key element, leadership, involves the work with teacher leaders and 
administrators.  Through this element, a shared understanding of 21st Century teaching 
and learning across levels of the system is possible by instituting a vision from the 
bottom up and the enactment of strategies to support change (Fullan, 2001). “Reforms 
that rely on the transformative power of individuals to rethink their practice and to 
redesign their institutions can be accomplished only by investing in individual and 
organizational learning, in the human capital of the educational enterprise—the 
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knowledge, skills, and dispositions of teachers and administrators, as well as those of 
parents and community members” (Hargreaves, 2007, p. 365).	  	  
Research Setting  
“Sunnyside Elementary” was invited by the University to be one of the 
partnership schools. The Center’s team—a University faculty member and a professional 
developer—worked together over four years to design and carry out the professional 
development, and also collect data on the intervention for research purposes. The focus of 
the final year of the project was intensive work with two of the teachers in Sunnyside, 
with the goal of developing two case studies to capture the work-- the purpose of this 
study.	  
“Sunnyside Elementary” was considered a high-need, underachieving PK-5 urban 
school in the Northeastern part of the US. During the second year of work with the 
school, student state test rankings had fallen dramatically in comparison with previous 
years— “after years of soaring test results, the number of city students who can read and 
do math at grade level plummeted on tougher-to-pass state exams” (Monaha, Lesser, & 
Kolodner, 2010). The results were not favorable-- especially for “Sunnyside 
Elementary.” Table 2 shows “Sunnyside Elementary” accountability and performance 
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Table 2 
“Sunnyside Elementary” Profile, Accountability, and Performance--2008-20123 
School Year	   2008-2009	   2009-2010	   2010-2011	   2011-2012	  
















Black or African 
American	  
70%	   67%	   64%	   Not available	  
Hispanic or Latino	   26%	   29%	   32%	   Not available	  
White	   2%	   3%	   4%	   Not available	  
Asian	   2%	   1%	   1%	   Not available	  
Eligible for Free 
Lunch	  
87%	   88%	   90%	   Not available	  
Limited English 
Proficient	  
14%	   13%	   18%	   Not available	  
Progress Report 
Grade	  
A	   C*	   D	   C	  
Student Performance	   A	   D*	   D	   D	  




“Good Standing”	   “Good Standing”	   “Good Standing”	   “Good Standing”	  
Mathematics 	  
Percentage of 
students at level 3 or 
4	  
76.9%	   33.1%	   32.3%	   30.1%	  
Research Sample—Participants 
The participants for this study are two upper elementary grade teachers: Ms. 
Victoria Green and Ms. Sara Stein4. These two participants were selected as a 
convenience sample. The researcher decided to focus on Ms. Victoria Greene and Ms. 
Sara Stein to write the case studies for this research study since she spent most of the 
time working with both of them during the 2012-2013 school year-- they were two of the 
teachers that expressed more interest in having the Facilitator work with them in the 
classroom. Also, prior to this study, the Facilitator had the opportunity to work with Ms. 
Victoria Greene and Ms. Sara Stein for two years as part of the larger STEM Initiative. 	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 Data was taken from the New York State Report Cards and Progress Reports 
(https://reportcards.nysed.gov/index.php) 	  
4 All proper names in the study are pseudonyms.	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Ms. Greene has a bachelor’s degree in Sociology and a master’s degree in 
Mathematics, Science, and Technology-- she is a Teach for America alum with a 
permanent certification in Elementary Common Branches. In her twelve years of 
teaching, she has been a grade-three teacher for seven years and a grade-four teacher for 
five years. For the 2012-2013 academic year, she was one of the two of the fourth grade 
general education classroom teachers in “Sunnyside Elementary.”	  
Ms. Stein has a bachelor’s degree in Organizational Management and a master’s 
degree in Remedial Reading. She has a permanent certification in Elementary Common 
Branches, a permanent certification in Reading K-12, and an initial certification in School 
Building Leader. In her 28 years of teaching in elementary education, she has been a 
grade-three teacher for ten years, grade-four teacher for thirteen years, and grade-five for 
four years. For the 2012-2013 academic year, she was a grade-five general education 
classroom teacher in “Sunnyside Elementary.”	  
Role of the Researcher as Participant Observer 
According to Cochran-Smith and Lytle (2009) practitioner research is	  
grounded in the identification and empirical documentation of the daily 
dilemmas and contradictions of practice, which then become grist for the 
development of new conceptual frameworks and theories. In turn, these 
new distinctions and concepts guide new understandings and 
improvements in practice in the local site, as well as more broadly (p. 95). 	  
Due to the interaction of the researcher with the participants as a graduate 
research assistant and as a professional developer in the STEM Initiative, the researcher 
is classified as a participant observer. According to McMillan (1996, p. 279), participant 
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observer “participates as a member of the group but is known as a researcher.” As a 
participant observer, the researcher is “an observer [that] takes part in the daily activities, 
rituals, interactions, and events of the people being studied as one of the means of 
learning the explicit and tacit aspects of their culture” (DeWalt & DeWalt, 2010, p. 260). 
In other words, “there are no distinct moments when they are only researchers or only 
practitioners. Rather, these activities and roles are integrated and dynamic” (Cochran-
Smith & Lytle, 2009, p. 95).  	  
Due to the researcher’s role in the school lives of the teachers, the researcher was 
able to interact with the teachers both during the school day and after the school day. As a 
graduate research assistant, the researcher captured the work with the school through 
field notes, questionnaires, and interviews. By observing and capturing the interactions 
with the teachers, it permitted the researcher to learn and be part of their culture. As a 
professional developer working for the Center, the researcher’s role was to provide 
professional development in mathematics content and pedagogy using the Center’s 
Professional Development Model for Innovating Instruction. 	  
The researcher began her work at the Center having been a K-12 teacher. She has 
been a professional developer at the Center since 2008—her areas of specialization 
include designing for understanding and rethinking interdisciplinary approaches to 
Science, Technology, Engineering and Mathematics (STEM). The researcher worked as a 
mathematics and science (i.e., physics and chemistry) high school teacher for over eight 
years. The researcher also served in the leadership position, as the Department Head, 
overseeing the development of curriculum for the Mathematics and Physics department. 
The researcher has a B.A. in Industrial Engineering and an M.S. in Mathematics 
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Education. During the time of the study, the researcher was pursuing her doctorate in 
Mathematics Education. 	  
Data Collection Methods  
During the first three years the researcher was part of the STEM Program, the 
researcher captured the professional development intervention using field notes. For this 
dissertation, the researcher used a variety of data sources to capture each teacher’s 
experience over the period of December 2012 and July 2013 by collecting contextual, 
demographic, and perceptual information. 	  
External Document Analysis 
The data from the external document analysis will provide the contextual 
information in which the participants work such as demographics factors of the school, 
progress report grades, student performance, student progress, school accountability 
report, and percentage of students at level 3 or 4 in the mathematics state assessment. 	  
Pre-post Questionnaire5 
The pre/post questionnaire was designed by the Center and has been used in 
several professional development interventions. For this study, the pre/post questionnaire 
was administered to the two teachers in December 2012 and in July 2013, respectively to 
gather demographic and perceptual information. The pre/post questionnaire contains 
items to collect information about the participant’s professional background, 
demographic information of the participants, their attitudes and beliefs towards 
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  See	  Appendices	  B	  and	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mathematics and mathematics education, their knowledge of the mathematics curriculum 
and resources, their instructional practices in the classroom, and their use and integration 
of technology in the classroom. The pre/post questionnaires will be used to gauge 
participants’ content knowledge, instructional methods and pedagogy, as well as the use 
of technology in the classroom. 	  
Field notes 
 Field notes are “detailed written descriptions of what was observed, as well as the 
researcher’s interpretations [of what was observed]” (McMillan, 1996, p. 279). The 
researcher captured perceptual information after each interaction with the participants 
through field notes. The field notes included both descriptive and reflective information 
of interactions with the teachers. Descriptive information included a description of the 
setting, the date, place and time, and a description of the teacher’s activities, what they 
said, and how they acted; when possible and necessary, the researcher captured direct 
quotes or close approximations of them. The reflective data or observer comments 
included “researcher speculations, feelings, interpretations, ideas, hunches, and 
impressions—subjective notion related to the research” (McMillan, 1996, p. 280). Data 
from the field notes was used to trace the participants’ process when new knowledge is 
presented to them. This included, but was not limited, to capturing participants’ questions 
about new knowledge, prior knowledge, difficulties, and misconceptions about 
mathematical content, pedagogy, and technology.  Field notes were also used to gain a 
better understanding of the participants’ ability to design student-centered mathematics 
assessments, which includes, but is not limited to the participants’ understanding of 
mathematics, mathematical representations, and problem solving strategies, participants’ 
	  
	   53 
use of the Common Core State Standards for Mathematics, participants’ content 
knowledge and participants’ analysis of student work and assessments for responsive 
teaching, and participants’ ability to integrate technology in the classroom. The field 
notes were the primary source of information for this study.	  
Semi-structured Interviews6 
 The researcher conducted semi-structured interviews with the two participants in 
July 2013 to “gather information that cannot be obtained from field observations, and to 
verify observations” (McMillan, 1996, p. 281). Semi-structured interviews allowed the 
researcher to capture individual participant responses due to their open-ended questions, 
which are reasonably objective and allow for probing, follow-up, and clarification 
(McMillan, 1996). The interviews were audiotaped and transcribed by the researcher. The 
participants were read a letter of informed consent specific to this element of data 
collection. Both participants agreed to be audiotaped for the interview. Perceptual 
information from the semi-structured interviews was used to support and enrich data 
captured through the field notes and pre/post questionnaires. In addition, data from the 
semi-structured interviews was used to have an understanding of the participants’ 
perception of the professional development experience and how it supported their 
mathematical knowledge for teaching. 	  
Data Analysis Methods  
A thematic analysis was used to provide a comprehensive description of the case 
study. This information was used to carry out a thematic analysis across both cases 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	  See	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(Bloomberg & Volpe, 2012). A total of 52 field note narratives and two semi-structured 
interviews were analyzed using a technique called memoing, a process for identifying 
categorization and codes (Bogdan & Biklen, 1982; Hesse-Biber & Leavy, 2010; Kvale & 
Brinkmann, 2008; Weiss, 2008). The researcher carried out read-throughs of the 
transcripts of the semi-structured interviews and of the field notes with the research 
questions and the Center’s Professional Development Model for Innovating Instruction 
components in mind. This process generated three categories, 10 subcategories, and 72 
codes, as seen in Appendix D.  
 The generated categories and codes were put through a cloud-based qualitative 
software (i.e., Dedoose) and were used to code the field notes and semi-structured 
interviews transcripts. The coding process consisted of meticulously reading each of the 
transcripts and identifying excerpts in them where categories and codes were present. In 
some cases, there were excerpts that contained more than one category and/or more than 
one code. After coding all of the transcripts, the researcher was able to generate tables 
with the code application, as seen in Appendix E. Through the analysis of the tables, the 
researcher was able to show the interaction between the three components of the Center’s 
Professional Development Model for Innovating Instruction and the type of support each 
teacher needed based on their individual instructional needs, as seen in Chapter 4.  
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CHAPTER 4. FINDINGS 
Introduction  
This research study took place between December 2012 and July 2013. It 
documents two case studies of “Sunnyside Elementary” schoolteachers: Ms. Victoria 
Greene, a grade-four teacher, and Ms. Sara Stein, a grade-five teacher.  These teachers 
were part of a larger STEM professional development effort that began in 2008 in a 
group of high need urban schools. The school and teacher names are pseudonyms. 	  
Four STEM faculty members were asked to participate in the overall grant: one 
science educator, two mathematics educators, and one technology educator. The research 
described below evolved from the work of the technology education faculty member who 
in turn engaged a professional developer from the research and development center that 
she directed at the college. The professional developer was a member of the Center team, 
and was also pursuing her doctoral studies in the mathematics education department. She 
was appointed as a graduate research assistant on the grant.	  
The Center was partnered with two community schools-- one of them being 
“Sunnyside Elementary.” The Center’s team thus consisted of a University faculty 
member and a professional developer. The team worked together over four years to 
design and carry out the professional development, and also collect data on the 
intervention for research purposes. The focus of the final year of the project was intensive 
work with two of the teachers in Sunnyside, with the goal of developing two case studies 
to capture the work. From now on, the Center’s University faculty member will be 
referred to as the Center’s Director and the Center’s professional developer as the 
Facilitator. 	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The Multi-Year STEM Initiative: A University Partnership   
One of the beliefs of the university described in this case study is that “all higher 
education providers should bring intellectual, human and financial resources to bear on 
improving educational outcomes for the children and families in their own communities” 
(OSCP). By establishing these partnerships with schools in the community, the university 
will have the opportunity to not only provide resources and expertise in areas where the 
schools most need for students’ success, but also will strengthen the knowledge, teaching 
and research at the university (OSCP).	  
These partnerships between the University and the communities schools was 
framed around the following concepts: mutual respect, sustained commitment, quid pro 
quos, and engagement of all stakeholders (Fuhrman & Streim, 2008), as described below: 
(1) Mutual respect refers to the fact that “education at any level is a continuous loop 
between theory and practice;” (2) The partners must be able to identify each other’s 
strengths and weaknesses, must be able to understand and adapt to each organization’s 
culture, and must be able to determine what worked, what did not work, and what needs 
improvement to secure a sustained commitment; (3) Benefits must agreed-upon for both 
of the partners; the University must be able to provide these benefits, such as professional 
development and on-site specialists; and, (4) finally, the University must work in order to 
make sure that all stakeholders are engaged and working towards the goal. 	  
This five-year multi-million STEM initiative was designed to support schools 
with improving instruction in the STEM disciplines. 	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The Center’s Partnership with “Sunnyside Elementary”  
The Center was invited at the beginning of the 2009-2010 academic school year 
to partner with two community schools-- one of them being “Sunnyside Elementary.” 
The Center’s mission that is aligned to the University’s partnership belief highlights the 
importance of supporting schools for students’ success. 	  
The Center is committed to the creation of innovative learning 
environments for all students. Recognizing technology as a catalyst for 
transforming instruction, the Center engages in research and practice to 
reimagine approaches to equitable education in the digital age (CTSC, 
n.d.).	  
The Center engages in research, evaluation and professional development work 
that explore the use of technology as a catalyst for school reform efforts.  The 
professional development work is focused on supporting and preparing teachers to be 
designers of authentic, learning environments that engage students through standards-
based inquiry learning. It is important to keep in mind that many variables can influence 
the delivery of professional development.  Three critical variables which have been a 
focus of previous research are: 1) the duration and time given to the effort or dosage 
(Yoon, Duncan, Lee, Scarloss, & Shapley, 2007). This comprehensive study of the 
effects of professional development found that 49 hours of professional development led 
to changes in student achievement; 2) the need to follow up with teachers in their 
classrooms as they attempt to implement the projects and use the technology; and, 3) the 
complex role of the facilitator who needs to be knowledgeable about content, technology, 
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and the overall process of working compatibly with teachers to design content-rich, 
authentic projects (Yoon et al., 2007). 	  
The Center’s Professional Development Model for Innovating Instruction 
includes three key elements: situated learning, leadership, and the design process. 
University facilitators (1) engage teachers as designers of student-centered, authentic 
learning experiences, (2) champion professional learning that is embedded in the realities 
of teachers and schools, and (3) support leaders in guiding and sustaining change 
initiatives, while positioning teachers as agents of change.	  
The design component engages teachers as designers of student-centered, 
authentic learning experiences through: (1) embrace of a design approach; (2) enrich 
content knowledge; (3) integrate assessment practices; and, (4) leverage of digital tools. 
The situate component provides learning experiences for teachers that respects them as 
professionals and adapts the learning for their particular school and situation. The lead 
component supports leaders in guiding and sustaining change initiatives, while 
positioning teachers as agents of change.	  
The Partnership School: “Sunnyside Elementary”  
“Sunnyside Elementary” was invited by the University to be one of the 
partnership schools. “Sunnyside Elementary” was considered a high-need, 
underachieving PK-5 urban school in the Northeastern part of the US, as seen in Table 
2—“Sunnyside Elementary” Profile, Accountability, and Performance for the years 2008-
2012.	  	  
To better understand the school needs and culture, the Center’s team met with the 
school’s principal. The principal saw her mission as striving to create an educational 
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environment where her students become learners and thinkers and can contribute to 
society. She emphasized the need to engage in activities that require reading and learning 
and to achieve this end, and for this, the teachers needed to come up with different ways 
to engage them. She welcomed the work of the Center as a way to get others, educational 
third-parties, to help her, her administration and her teaching staff, to help fulfill students 
and develop their learning. She conceptualizes technology and technological initiatives as 
a means to expose her staff and students to other learning opportunities. She concedes 
there are aspects of technology that she is unaware of and others that she is not fluent 
with that still hold promise in developing the teaching abilities of her staff and learning 
opportunities of her students.	  
Further, the principal’s educational philosophy demands that teachers within her 
school need to be “facilitators” for their students. She wanted the Center’s professional 
development program to support teachers in creating student-centered environments in 
their classrooms. The principal identified several teachers to receive more intense, one-
to-one professional development in mathematics, to create these student-centered 
learning environments. 	  
The principal and the Center’s team agreed that the teaching and learning of 
mathematics should be more “hands-on.” There was a shared belief that if someone is 
showing you how to do an activity it is more passive and less useful than the active, more 
useful activity of having students do the uncovering-- students as knowledge builders. 
The Center’s Director commented that research shows that this is a shift in the way the 
previous generation of teacher-trainees were trained as teachers; also adding that it is 
hard for teachers to know the “big idea” that informs curricular content knowledge. The 
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principal corroborated this idea by emphasizing that we need to think and plan for the 
long-term.	  
The Center’s Director stated that there is research that states, that in many cases, 
nothing has really changed when teachers attempt to implement technology within 
classrooms—since teachers still adopt a more frontal and didactic style of teaching. The 
Center’s Director commented that by using a backwards design approach, such as 
Understanding by Design (UbD) (Wiggins & McTighe, 2005), teachers thoughtfully 
think about how technology could support students’ process on the acquisition of the 
content—thus making instruction authentic and purposeful. The principal stated that 
some of the teachers in her staff have already been trained with UbD.  	  
The Center’s Director articulated the key elements of the Center’s Professional 
Development Model for Innovating Instruction to the principal. The Facilitator designed 
and carried out the professional development activities framed around the Center’s 
professional development model. 	  
The following three sections describe the first three academic years—2009-2010, 
2010-2011, and 2011-2012—of the Center’s professional development work with 
“Sunnyside Elementary” as part of the multi-year STEM initiative. The information 
presented in these sections will provide background and context for the two case studies.	  
The Center’s Professional Development 2009-2010 Work with “Sunnyside 
Elementary”  
The Facilitator, in direct consultation with the administration and staff of 
“Sunnyside Elementary,” provided professional development to support teachers in 
mathematics. Three teachers were selected – a third grade teacher, a fourth grade teacher 
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and a fifth grade teacher – as well as the school’s mathematics coach. Ms. Victoria 
Greene was the third grade teacher. For reasons unknown to the Facilitator, Ms. Greene 
and Ms. Sara Stein were not two of the teachers selected by the principal to participate in 
the professional development this school year—2009-2010. 	  
For the context of “Sunnyside Elementary,” it was decided that the Facilitator 
would focus on how teachers can use technology to see what is happening in terms of 
teaching and learning within the mathematics classrooms; the facilitator will strive to 
help participating teachers design their own activities as well as create steps to help them 
develop their own personalized assessment tools. The principal and the Center’s team 
established that three formal professional development after-school sessions would be 
offered by the Facilitator in “Sunnyside Elementary” during the Fall 2009 semester-- one 
per month in October, November and December 2009. They lasted approximately two 
hours and will later include follow-up sessions afterwards that will help consolidate the 
workshop learning through related training in pedagogical knowledge, content knowledge 
and technological knowledge. The Center’s Director noted the learning should be 
designed to “scaffold” the individual teachers’ background knowledge and experience. 
The Center’s professional development model’s situated component champions 
professional learning that is embedded in the realities of teachers and schools-- in the 
context in which how a person learns becomes as important as the appropriated 
knowledge and skills itself (Putnam & Borko, 2000).	  
It was also established that the next set of sessions would be developed in Spring 
2010. According to the principal, by having a less intensive set of sessions for this 
semester (e.g. they were scheduled every three weeks as opposed to having them every 
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two weeks or even on a weekly basis), teachers could have the opportunity to work with 
the Facilitator, reflect on the professional development, design and implement some 
hands-on projects without overburdening them. 	  
During the Fall 2009 semester, the Facilitator developed and carried out three 
after-school professional development sessions with the teachers. These after-school 
sessions included focused, shared discussion about the mathematics curriculum7 content 
knowledge, project-based design, technology tools, and formative assessment around 
certain mathematics topics-- units of measurement, counting, multiplication and division, 
and geometry. This was done through the exploration of hands-on project-based 
technology-infused mathematics lessons planned using a backwards design approach.  	  
During the Fall 2009 semester, the Facilitator was also able to meet with the two 
grade teachers and the mathematics coach during the teachers’ planning periods. The 
Facilitator worked collaboratively with the teachers in identifying curriculum areas of 
high need, as well as design and implement a hands-on mathematics lesson in their 
classrooms. 	  
Based on the teachers’ needs, the Facilitator designed and helped implement a 
hands-on technology-infused five-day long mathematics project on capacity with both the 
fourth and fifth grade class. The Facilitator used a backwards design approach to create 
the mathematics project—as a way to model how to design and implement a hands-on 
project in the classroom.  The implementation took place during the second week of 
January 2010. The Facilitator and the mathematics coach supported the teachers during 
the weeklong implementation.  	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The goals of the project were for students to be able to analyze the relationship 
between the dimensions—length, width, and height—of an open box by designing and 
constructing different size open boxes to test their initial hypotheses. Initially, the 
students were given the task to reflect on what “biggest’ mean to them by carrying out a 
series of steps to build an open box, as well as reflect on the process of creating the open 
box. The next step was for students to build two more open boxes. The students were able 
to use the scientific method to determine which open box could hold the most. The 
students were able to organize the collected data using tables, on both paper and Excel. 
They were also able to represent the data by creating bar graphs on paper and Excel. The 
students analyzed the data and recorded their findings using VoiceThread8. 	  
On the last day of implementation, a brief questionnaire was given to the teachers 
and mathematics coach. They were asked the following questions: (1) What do you think 
you learned over the last 5 days? (2) What did you notice about your students during this 
process? (3) What was different about the classroom during these sessions?  [materials, 
hands-on activities, groups, etc.] (4) What surprised you during these sessions? And, (5) 
What do you think your students learned (mathematically and otherwise)? 	  
In general, the teachers stated that they realized that students are more capable of 
being engaged in long-term projects if the assignment is meaningful and if they have to 
use their skill to problem solve. One of the teachers commented that she is learning to 
transition to a more student-centered classroom where students can think and problem 
solve on their own. Through this activity, the teachers stated that they noticed that some 
students were able to work in teams while others were having a hard time. They also 
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observed that students were able to develop diverse hypotheses based on the work that 
they were doing. Finally, some of the teachers noted that they were able to use this 
activity to assess students and determined that some students had difficulties with length 
measurement and with being able to use the measurement tools appropriately. 	  
The teachers wrote about the implications that these types of activities have for 
instruction. One of the teachers stated that this implied making the projects meaningful to 
students-- in other words, relating the projects to students’ everyday life. They also saw 
how, during the implementation of the activity, there were many adults in the classroom 
facilitating and assisting the students, which made it possible for the task to be 
implemented, as well as made it possible to teachers to listen and observe the students 
during the whole process. The teachers were mostly surprised about how students were 
engaged and focused when performing the tasks. They appreciated the fact that students 
were able to use technology for graphing and for capturing their thinking.  	  
The fifth grade teacher expressed interest in designing and implementing another 
hands-on mathematics project. The Facilitator met with her during some of her planning 
periods to collaborate in designing the project—using a backwards design approach. 
Several ideas were brainstormed during these sessions ending up choosing the 
importance of geometry in our daily lives: how do you see geometry? With the support of 
the Facilitator, the teacher designed and implemented a three-day project in her 
classroom.  	  
The fifth-grade teacher wanted students to be able to reflect on what geometry is 
for them. By making connections between geometry and their environment, as well as 
ask questions they might have about geometry, the fifth grade teacher wanted to support 
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students higher order thinking skills. Two main performance tasks were designed for this 
project: (1) students took a field trip around the neighborhood and (2) students created a 
soccer ball tessellating regular polygons. The purpose of the first activity, which included 
taking pictures and drawing a sketch of the construction of a building, was to relate it to 
the capacity activity that students had already explored. The main goal of the second task 
was to analyze the importance of geometry during the soccer World Cup. 	  
 What happened during this year? Where did the Facilitator end up with the 
teachers? What was accomplished? What were the next steps?	  During this first year of 
working with “Sunnyside Elementary,” the teachers reported the need for continuous and 
additional support with the mathematics content knowledge. Not only were the teachers 
able to explore hands-on, technology-infused mathematics projects during the after-
school session, but also they were also able to explore the implications of implementing 
these hands-on projects in the classroom. One of the teachers was able to design and 
implement more than one hands-on project in her classroom with the support of the 
Facilitator. In conversations with the Facilitator, the teachers reported increased interest 
in designing more hands-on projects, and they also reported a growing interest in learning 
technology relevant to the mathematics classroom.  Finally they began to explore 
different types of formative assessment for understanding students’ mathematical 
thinking. The Facilitator’s work with the teachers during this first year provided the basis 
for the work for the next academic school year: 2010-2011.	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The Center’s Professional Development 2010-2011 Work with “Sunnyside 
Elementary”  
During the second year of work with the school, student state test rankings had 
fallen dramatically in comparison with previous years— “after years of soaring test 
results, the number of city students who can read and do math at grade level plummeted 
on tougher-to-pass state exams” (Monaha et al., 2010). According to the NY Daily News 
article (Monaha et al., 2010) in 2009, 82% percent of third- through eighth-graders 
passed the state math test; in 2010, only 54% of the students were able to do so. In an 
interview, the acting Regents Chancellor Merryl Tisch (Monaha et al., 2010) commented 
that, in a state-commissioned study, results showed that state exams had become easier to 
pass. Therefore, the state decided to set the “bar higher.” To set the “bar higher,” the state 
decided to create a less predictable mathematics test with more material (2010). The 
results were not favorable-- especially for “Sunnyside Elementary.” Table 3 shows 
“Sunnyside Elementary” accountability and performance during this transition. 	  
Table 3  
“Sunnyside Elementary” School Profile, Accountability, and Performance-- 2008-20109 
School Year	   2008-2009	   2009-2010	  
School Level	   Elementary (PreK-5)	   Elementary 	  
(PreK-5)	  
Demographic Factors	   Student Population: 381	   Student Population: 357	  
Progress Report Grade	   A	   C	  
Student Performance	   A	   D	  
Student Progress	   A	   C	  
School Accountability Report	   “Good Standing”	   “Good Standing”	  
Mathematics 	  
Percentage of students at level 
3 or 4	  
76.9%	   33.1%	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In an initial meeting in September 2010, with the Center’s team “Sunnyside 
Elementary” principal had two great concerns. The first one being that students’ 
mathematics test scores needed to increase, and the second one was that the city had just 
implemented a new mathematics curriculum—the Common Core State Standards for 
Mathematics (CCSSM). This led to a unified concern: How to continue providing 
professional development that would not only address students’ needs to pass the state 
test, but also to address them in ways that went beyond just teaching to the test?  The 
principal and the Center’s team identified formative assessment as a key for helping 
teachers focus on teaching in ways that would increase student understanding – that could 
also improve test scores.	  
The principal decided to invite more teachers to participate in the project.   Two 
third grade teachers, two fourth grade teachers, two fifth grade teachers, one fourth/fifth 
grade special education teacher, the mathematics coach, and the data team leader were 
selected to participate. The assistant principal and the principal also attended some of the 
sessions. Ms. Victoria Greene and Ms. Sara Stein, started their participation in the STEM 
Initiative; Ms. Greene was a third grade teacher and Ms. Stein a fourth grade teacher. 	  
The principal, with support of the assistant principal, arranged for a series of 
eleven 50-minute sequential weekly professional development sessions to take place 
during the school day to be led by the Facilitator and either the Center Director or other 
members of the Center. Since these sessions took place during the school day, the 
teachers were not paid to attend these sessions. 	  
Knowing that the test results had dropped significantly, the Facilitator decided to 
start the weekly professional development sessions with a session on deconstructing their 
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grade-level state test reports. Deconstructing the tests results was an inquiry-based 
technique, led by the facilitator, to identify underlying learning patterns-- What patterns 
do you see? What is difficult for your students to understand? What issues do you want to 
probe with them? How should you go about gathering data where students were 
confused? At the end of the session, teachers were given Nancy Love’s article, Taking 
Data to New Depths (Love, 2004) to read for the next session.	  
The data from the item analyses, performed during the first session, identified 
several mathematical topics that students were having a difficult time understanding; two 
of these topics were proportional reasoning and fractions. The Facilitator utilized this 
information to design a mathematics task aligned to both the new mathematics standards, 
CCSSM, as well as to the old ones-- as a way to show the connections between the two 
sets of standards. The Facilitator aligned this mathematics task to fifth grade standards 
because it allowed teachers to reflect not only on the content knowledge and skills that 
students needed on proportional reasoning and knowledge about fractions, but also on the 
prior knowledge and skills that they needed for the development of these two 
mathematical topics. 	  
For the next two weekly sessions, the Facilitator presented the teachers with the 
mathematics task, allowing the teachers to perform the task and share their problem-
solving strategies through the use of a document camera. At the end of the two sessions, 
and after reflecting on the Taking Data to New Depths (Love, 2004) article, the teachers 
discussed and commented how students could use different strategies to solve the same 
mathematics task, the same way that they had different strategies for solving the 
mathematics task. 	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The principal and the Center’s team had identified formative assessment as the 
topic to focus on for this professional development series-- how to continue providing 
professional development that would not only address students’ needs to pass the state 
test, but also to address them in ways that went beyond just teaching to the test?  The 
Facilitator designed the next three sessions to focus on formative assessment. During 
these sessions, the teachers read and discussed Formative Assessment: Examples of 
Practice (CCSSO, 2008) and The Rest of the Story (Thomas R. Guskey, 2007). The 
teachers were also engaged in a discussion led by the Facilitator to identify possible 
misconceptions, and their causes, that their students-- from each grade level-- could have 
when solving the mathematics task they just solved. The Facilitator in a table that was 
then shared with the teachers captured all of these findings. 	  
These new data were used to design a new mathematics task, an adaptation of the 
original task, to be implemented in each grade level class. The teachers, with support 
from the Facilitator, used a backwards design approach to align the new mathematics task 
to each set of grade-level standards. As with the original mathematics task, standards 
from the old curriculum and from the new one were used. The Facilitator also supported 
the teachers in creating a rubric with the evaluation criteria for the task. Once the task for 
each grade level was designed, the teachers implemented it in their classroom and 
collected student work. Using the rubric, the student work was analyzed by the teachers 
and Facilitator during these weekly sessions. 	  
The student work analyses were used as a basis for the next two sessions. The 
Facilitator supported teachers in redesigning the mathematics task in response to their 
students’ understandings and misunderstandings on the mathematics task: How can I 
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design learning experiences that address the same concept differently? How can I engage 
students on an individual basis? What steps can I take to ensure that students have a 
successful learning experience?	  
After a thoughtful reflection, the teachers decided to redesign the task. The 
teachers commented that by doing a more engaging hands-on task, students would be 
able to use their mathematics knowledge and skills in a situation that would be more 
related to their life experience. For that purpose, the task was redesigned in a way that 
students could work in teams, use manipulatives and measuring tools, and explore 
different strategies to solve the problem. The teachers also commented that with this type 
of hands-on activities functioned also as formative assessments; they will have the 
opportunity to listen to what the students are saying and thinking, know where they are, 
and build on where they are as a way of catering to their needs. The redesigned task was 
implemented in the classrooms with the support of the Facilitator. 	  
The last weekly session was used to reflect on the implementation of the 
redesigned tasks, as well as on the professional development sessions carried out during 
the school year. The Facilitator led the discussion: What were you able to learn about 
your students the hands-on activity? What big ideas have you gained from the work with 
the Facilitator during this year? 	  
When reflecting about the hands-on mathematics task, in comments captured in 
the field notes, the teachers commented that it was easier for them to ask students 
questions about their mathematical thinking while they were performing the task. The 
teachers also stated that students were actively engaged and were given the opportunity to 
explain to others their thinking and mathematical reasoning. 	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The teachers also stated that implementing these types of activities in the 
classroom had the following implications: They mentioned that timing was a factor; time 
should be allotted during the school year to do these types of activities. They noted that 
students need more practice with hands-on activities since they are not used to them. 
Implementing these hands-on activities require having more adults in the classroom to 
help facilitate. They also wanted more manipulatives and different kinds of 
manipulatives.	  
Later, in a group discussion around the big ideas that the teachers gained from 
their work with the Facilitator during the school year, they mentioned that you can make 
meaning of the mathematics skills by making connections to students’ lives, since 
mathematics is everywhere and is part of our lives. They also commented that formative 
assessment is a not only a tool for teachers to diagnose students and actively listen to 
them in order to drive instruction, but that it is also a tool for students to listen to their 
peers and build on each other’s ideas. They also stated that they should encourage 
students to persevere when solving mathematics problems. 	  
Towards the end of the session, the Facilitator encouraged to teachers to take 
further action as a learning community in rethinking the role of formative assessment in 
the mathematics classroom. The field notes captured the teachers’ interest in starting 
planning assessments to better understand their students’ thinking and to inform their 
instruction and that they would like to do less teacher-centered lessons. They also stated 
that they would like to do more designing of real world hands-on activities for each unit, 
allow students to be more accountable of their own learning, and support students on how 
to work with each other and learn from each other.  	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Eleven professional development weekly sessions were led by the Facilitator in 
“Sunnyside Elementary” during the school year 2010-2011 with teachers from three 
different grade levels. During these sessions, the teachers were able to: (1) Solve 
mathematics tasks and analyze the different strategies for solving them; (2) Identify 
possible misconceptions, misunderstandings, and errors and their causes that students 
may have when solving a mathematics task; (3) Collect and examine student work on a 
mathematics task to inform instruction; (4) Reflect on the process of responsive teaching 
and to design a lesson in response to the analysis of student work-- around students’ 
strengths and misunderstandings; (5) Create a shared understanding of what is meant by 
authentic formative assessment and its importance in the mathematics classroom; and, (6) 
Explore the use of document cameras for formative assessment purposes. The teachers 
also reported the need for continuing support in understanding the meaning of the test 
results for the classroom, at a more granular level. The Facilitator’s work with the 
teachers during this first year provided the basis for the work for the next academic 
school year: 2011-2012.	  
The Center’s Professional Development 2011-2012 Work with “Sunnyside 
Elementary”  
During the first week of October, the Center’s team met with the principal and the 
assistant principal to talk about the work that was done during the last school years, as 
well as to talk about the plans for the 2011-2012 school year. The principal wanted for 
the Center to continue working with the same grades-- two third-grade teachers, two 
fourth-grade teachers, two fifth-grade teachers-- and the mathematics coach. The assistant 
principal and the principal of the school assisted during some of the sessions. Ms. 
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Victoria Greene and Ms. Sara Stein also participated in the program this year. 	  
The goal for the professional development series for this school year was to 
continue supporting teachers with the design and implementation of mathematics projects 
and formative assessments, using a backwards design approach, that were not only 
aligned to the Common Core State Standards (CCSS), but also aligned to the just 
established New York City Department of Education (NYCDOE) Instructional 
Expectations. The purpose of these instructional expectations was “To successfully 
prepare all students—including students with disabilities and English language learners— 
for life after high school, teachers need to create cognitively demanding learning 
experiences in their classrooms every day” (NYCDOE, 2011). During the 2011-2012 
school year, New York City teachers were expected to	  
In teams, look closely at current student work to understand the steps 
needed to reach the level of performance that the Common Core demands 
(spring/fall 2011). 	  
Engage all students in at least one literacy task and one math task aligned 
to strategically selected Common Core standards. These tasks should be 
embedded in Common Core-aligned curricula and include multiple entry 
points for all learners, including students with disabilities and English 
language learners (winter 2011-12).  In math, students will engage in a 
cognitively demanding mathematics task that requires them to demonstrate 
their ability to model with mathematics and/or construct and explore the 
reasoning behind arguments to arrive at a viable solution. 	  
In teams, look closely at resulting student work to continue the cycle of 
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inquiry, making future instructional adjustments and communicating 
lessons learned to other school staff (spring 2012) (NYCDOE, 2011).	  
To carry out the professional development goals, the principal established the 
following times for the Center’s team to meet with the teachers: (1) an initial meeting 
was scheduled in November with the teachers to revisit work done during the last school 
year; (2) a school-wide professional development session was scheduled; and, (3) school-
day sessions were scheduled for the Center’s team to meet with the teachers for two or 
three Tuesdays each month. 	  
During the initial meeting with the teachers, the Facilitator revisited the 
discussion they had around “What big ideas have I gained from our work during this past 
year?” going over their findings and reflections. Based on these reflections, the 
Facilitator shared that this year they would continue working in designing and 
implementing mathematics performance tasks aligned to the Common Core State 
Standards (CCSS) and to the New York City Department of Education (NYCDOE) 
Instructional Expectations. This latter was new to the teachers. 	  
In the school-wide kickoff professional development session, the principal 
decided to invite more teachers since it took place during an official professional 
development school day in November. The Center’s team facilitated a six-hour session 
for second through fifth grade teachers, as well as the special education teachers, 
administrators, and parent coordinators. 	  
During this all-day professional development session, the teachers, in grade level 
teams, had the opportunity to perform an item analysis of the test scores from the 
previous school year. This task was led by the Facilitator where teachers had to perform 
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the following: (1) Identify the items in which more than 50% of the students failed to 
answer correctly; (2) Identify the New York State Standards Strand and Content 
Performance Indicator of those items using the 2011 Mathematics Test Standard and 
Performance Indicator Map for each grade; (3) Based on the item analysis, reflect on the 
following questions: What is it difficult for students to understand? What issues do you 
want to probe with them? How are you going to gather data? It is important to note that 
the teachers who had not participated in the professional development for the past two 
years had not performed this type of task before. Each grade level team reported out on 
their findings. 	  
The third grade teachers noticed that the items on number sense and operation 
comprised almost half of the test items. When looking for patterns in student errors, they 
saw problems in the topic of estimation, which is related to number sense and 
measurement. The third grade team mentioned that they wanted to probe these 
mathematics topics with real world applications in order to gather student data-- by 
listening or watching what students are doing. They stated that the current school’s 
curriculum does not allow for students to process the content and skills that they are 
learning; there is a need for more real life situations where students can apply these skills 
and content. Other grade level teachers expressed their interest in knowing what third 
graders are struggling with since they will be their students in the future 	  
Then it was the grade four teachers’ turn to share their findings on the item 
analysis. They also noticed that most of the items on the test were on number sense and 
operations. Place value and measurement were identified as the two areas where students 
were having more difficulty. The teachers commented that measurement continues to 
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resurface as an issue.  The fourth grade teachers started making connections between the 
different topics in mathematics (see Figure 5). For example, they identified struggles with 
fractions as related to struggles with measurement, which are covered in lower grades. 
They stated the need to identify the causes of this and acknowledged, that by doing an 
item analysis, they can identify the struggles students are having. 	  
	  
	  
Figure 5. Mathematical Topics Connections from Item Analysis 
	  
A third grade teacher added, that when teaching measurement, there is a 
disconnect in that students do not have those materials – even a basic ruler – at home. 
The teachers expressed that there is not enough information that is based on the 
curriculum going at home – if parents did a little more or expanded on what they do with 
their children; it could make a huge difference.  	  
Like their third grade colleagues, the fourth grade team also noted the importance 
of sharing real experiences in class among the students. They would like to explore 
project-based learning more, since it taps into other areas of learning a child has – their 
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creativity, their sense of being able to develop what you see in your mind. Also, by 
asking students to explain and using more manipulatives, students will be able to see the 
importance of the connections between science and mathematics and their lives. One of 
their shared concerns is that the classrooms are not equipped with sufficient 
manipulatives. 	  
The fourth grade teachers expressed their interested in wanting to do more 
cooperative learning in the classroom.  The teachers also mentioned that they would like 
to stress more mathematical language – there are word problems that students struggle 
with and there is a need to make sense of the problems. They also expressed their concern 
in knowing where each student was with respect to the curriculum; they mentioned that 
by gathering data through formative assessments, they might know where their students 
were on a daily basis.  	  
The grade five teachers also noticed how almost half of the test items were on 
number sense and operations and how the different mathematics topics were intertwined.  
They concluded that number sense and operations, in addition to measurement, was a 
major issue. During the item analysis, they noticed that the issues students were having  
trouble with fractions were connected to estimation and measurement. They expressed 
the need to keep gathering information about what students do know and what they do 
not know. One of the teachers added that this means that they would have to be open 
about it, and listen to as many different responses as possible-- there is a need for more 
formative assessments.  The Center’s Director commented that there is a need to create 
learning experiences where teachers can observe what students are or are not doing.  
Another teacher added that it is most effective if students create the problems for 
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themselves. Finally, they stated that continuous assessment should be a daily, ongoing 
process to be able to build instruction on students’ prior knowledge. 	  
The second part of the session allowed teachers to continue working in grade 
level teams with the identified items that students had the most difficulty on the test, 
according to the item analysis. The teachers had to match the identified New York State 
Standards Strands and Content Performance Indicators with the corresponding Common 
Core State Standards’ domains, clusters, and standards. This provided teachers with the 
opportunity to make connections between the two curriculums and start making sense of 
the new one. Before the teachers started working on this task, the Facilitator gave a brief 
introduction of the new set of standards and how to read them.  
 Again, as in the previous task, teachers had the opportunity to report out their 
findings to the rest of their colleagues. Some of the teachers commented that they did not 
know where or how to start the process.  As one of the teachers continued working with 
her peers, she was able to make meaning of the standards and how to align them to the 
old curriculum. Another teacher added that as they looked through the Common Core for 
grades two and three, a lot of the old third grade curriculum was now in second grade in 
the new curriculum. At the end, they all agreed, that it would be very beneficial for  each 
of them to have the standards for all the other grades. Their reasoning behind this was 
that, if you were teaching a certain topic, they could look at the standards of other grade 
levels to see what prior knowledge students should have instead of guessing about what 
they should know. They mentioned that this would also create opportunities for 
conversation and communication across grades. 	  
For the final part of the session, teachers had the opportunity to explore several 
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mathematical tasks-- word problems and a hands-on technology-infused. Both tasks were 
designed by the Facilitator to be aligned to the one of the topics that was identified as 
problematic in the item analysis. For this, the Facilitator had to do the item-analysis 
beforehand to design the session and activities. The teachers solved the word-problems, 
but in the documentation of their solutions, it was clear that the teachers often used very 
different approaches.  The Facilitator addressed this issue, explaining that students also 
have different ways of solving problems and teachers must use their professional 
judgment about the appropriateness of various approaches.	  
By performing these activities themselves, teachers commented on the fact that 
the correct answer on the test does not necessarily equate to understanding the topic. 
They were also able to describe their thinking behind the different ways in which they 
solved the word problem. Teachers commented about the fact that their students could 
also have different ways of solving a problem and still reach to the same correct answer. 
Another teacher stated that at the end of the day, they would have to give a number-- a 
grade-- to the students on their work and was concerned about how to be objective when 
doing so. 	  
A hands-on technology infused mathematics task was then performed by the 
teachers-- in grade level teams. The Facilitator commented that, even though the task 
addressed a third grade concept, it could be aligned and tailored to upper grades. For this 
task, the group had to watch a video before reading the narrative of the task. The 
Facilitator led the initial discussion to gauge teachers’ prior knowledge. With the use of 
motion detectors, teachers performed the task collecting, organizing, and representing the 
data in ways that were aligned to the task expectations. During the group reflection of the 
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task, the teachers shared their findings and rationale behind them. One of the teachers 
commented that this technology-infused project lent itself to interpret the scientific 
method by literally having to explain what is going on. The Facilitator summarized that 
technology tools can give the students the freedom to analyze the data as needed and 
connect it to mathematical concepts-- helping the students making abstract ideas more 
concrete. The Facilitator also noted that, for doing these types of hands-on activities, 
teachers need to determine the desired results (i.e., standards, understandings, knowledge, 
skills) before figuring out ways to integrate the technology. 	  
The principal scheduled the Center’s team to meet with the teachers during the 
school day on several Tuesdays each month for the 2011-2012 school year . A total of 
thirteen professional development sessions took place this school year. During these 
sessions, teachers, with the support of the Center, had the opportunity to continue 
reflecting on the item analysis and to use the information to design mathematics 
instructional materials (i.e., performance task, handouts, rubrics, pre-post assessments), 
as well as implement them in the classroom. These assessments were aligned to the 
CCSS for mathematics. 	  
On the first session, the groups, by grade level were introduced to the backwards 
design process (Wiggins & McTighe, 2005) (e.g., desired results, evidence and 
assessments, plan of learning activities). The teachers reviewed the item analyses they 
had conducted in the school wide session and selected standards from the domains that 
indicated areas of need-- grade three, Operations and algebraic thinking, grades four and 
five, Number and Operations - Fractions. The Facilitator led a discussion around 
essential questions and what makes a good essential question (e.g., thought-provoking; 
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can be revisited throughout the whole year). The teachers drafted several essential 
questions aligned to the selected domains. The Facilitator documented this on a lesson 
template used by the Center. The Facilitator updated the document weekly with the 
teachers’ additions from the previous week, and shared it with the teachers. The grade 
four and grade five teachers were also able to determine what students needed to know 
and be able to do based on the selected standards. 	  
During the second session, the fourth and fifth grade teachers reviewed the 
desired results that were established during the first session. The teachers added one more 
understanding they felt was important to reiterate with the students-- the importance of 
precision in the real world. The teachers, with support from the facilitator, moved on to 
designing the performance task as a way to collect evidence of students’ mathematical 
thinking. The teachers discussed the importance of hands-on role-playing for students to 
effectively "see" the problem from a unique perspective. The facilitator introduced the 
GRASPS method (Wiggins & McTighe, 2005) (i.e., goal, role, audience, situation, 
product, and standards and criteria for success) to support them with the creation of the 
performance task. The fourth and fifth grade teachers decided to work collaboratively to 
design the performance task with a focus of their grade-level standards. For the fourth 
and fifth grade task, the teachers decided that students would be engineers charged with 
redesigning their playground. In the grade three sessions, the teachers completed the 
desired understandings for their task and identified what students would know and be 
able to do. The Facilitator introduced to them the GRASPS method to design the 
performance task-- where the importance of role-playing to create understanding is 
reiterated. 	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At the third session, the fourth and fifth grade team reviewed their progress on the 
design of the performance task. The teachers continued to flesh out the expectations for 
students (e.g., students will create a blueprint of the playground, physically measure the 
space to find perimeter and area, focus on specific improvements and/or additions that 
can be made, present their ideas.)  The teachers continued to be mindful of the 
importance of fractions, precision in measurement, and operations (e.g., adding and 
subtracting fractions, fraction equivalency) and speculated the possibility of connecting 
this to other real world events. The third grade team designed their task around the 
understanding of equal groups and showing multiple representations for the same whole 
numbers. The teachers created a scenario around turning an empty lot into a beautiful 
garden, for which they will divide the space into four equal parts and create different 
arrangements for the same number of flowers in each part-- to be simulated on graph 
paper.  The teachers emphasized the connection between repeated addition and 
multiplication, and recognized this task as a potentially support students between the 
transition from addition to multiplication. 	  
In the fourth session, the fourth and fifth grade teachers reviewed their progress 
on the performance task and continued to determine the expectations of the task stressing 
out the importance of fractions, precision in measurement outcomes, and operations (e.g., 
adding and subtracting fractions, fraction equivalency). The third grade team started 
drafting the performance task. 	  
The grade four and fifth grade teachers designed the pre-assessment-- that would 
be implemented before the performance task-- during the fifth session. The purpose of the 
pre-assessment was to collect data on students’ knowledge on fractions, as well as an 
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opportunity to emphasize understanding of fractions. One of the fifth grade teachers 
assessed the playground in-person to narrow down viable options for additional features. 
The third grade team finalized the students’ expectations for the performance task, 
considering students' prior knowledge. The teachers identified the types of materials (e.g., 
graph paper, 3D cubes, aerial view of vacant lot adjacent to school) they could use to 
support students. The third grade team also held a discussion, led by the Facilitator, about 
the different ways the students could interpret and perform the task. During the next 
session, the grade-three team planned to have implemented the task with their students.	  
During the sixth meeting, the fourth and fifth grade teams reviewed the 
performance task and inventoried materials available. To explore the possible 
measurement strategies using the available measuring tools, the teachers decided to go 
outside to the playground to measure the length and width of it. The teachers concluded 
that the task was lengthy in time when it was performed using a standard measuring tape. 
The teachers decided that it would be better for students to pre-measure spools of yarn or 
string indoors and bring this outside to measure the space. The session concluded with a 
discussion of instructional points they should cover prior to the task and in addition to 
pre-assessment.  	  
The grade three teachers shared examples of student work from the performance 
task and they watched a video of a student in action. The teachers discussed the student’s 
mathematical thinking while performing the task; the student had displayed a mix of 
groupings, calculations, and written interpretations, some of which were congruent, and 
some of which reflected partially correct but contradictory documentation. The group 
finished writing up the rubric they will use to assess the student work.	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In the seventh and eighth sessions, the fourth grade and fifth grade team finished 
writing up the task and finalized the rubric. The teachers reviewed the task writing out 
their initial thoughts for opening questions. The facilitator added these and other 
instructional notes to the teachers’ notes. The teachers continued discussing the sequence 
of the task and adjusted the task language accordingly. The group confirmed that they 
would like students to document their thoughts on a separate page. There was some 
debate around how the students will finalize their measurements. 	  
For the grade three meeting, the teachers with the Center team continued 
reviewing student work. The teachers also put together a binder with all of performance 
task information according to the 2011-2012 NYCDOE Instructional Expectations 
(NYCDOE, 2011).	  
During the ninth and tenth sessions, the Facilitator led a reflection about the 
implementation of the task-- What has surprised you the most about this process? What 
have you gained from it? What would you do differently? What will be helpful next steps? 
In these sessions, the teachers finalized the binders with the performance task information 
needed as specified on the NYCDOE Instructional Expectations.	  
The fourth and fifth grade team 4th and 5th grade team commented that, during 
these sessions, they were able to work together to design and plan a grade-level 
standards-aligned hands-on project. They were able to have a discussion about their 
students in order to also align the task to their students’ lives. They reflected on the fact 
of doing the project themselves before implementing it in the classroom; this allowed 
them to think like their students. The teachers were also able to design and implement 
both a pre- and post-assessment to assess students’ learning. 	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During the implementation of the project, the teachers commented that their 
students were able to work in groups to perform the task. The teachers commented that 
the task originally was meant to focus on fractions. During the implementation process, 
the teachers were able to identify that the students were having a hard time with 
measurement—length measurement, area and perimeter. The teachers commented that by 
being able to listen to their students, they were able to readjust their instruction-- 
responsive teaching. 	  
The third grade team also reflected on the work done during the school year as 
part of this professional development. The teachers commented that they learned how to 
integrate this mathematics task with other units by working collaboratively. They 
mentioned that they liked the rigor and depth of the task and that there should be more 
tasks like this throughout the school year-- these types of activities gave students a 
“voice” and made them feel important since it was related to their lives. 	  
When talked about the implementation of the task, they noticed that students that 
students need more support when reading the problem and when communicating their 
mathematical thinking. They also noticed that students had a wide diversity of problem 
solving strategies-- using manipulatives, repeated addition instead of multiplication, and 
drawing pictures. The last three sessions were spent working with the fourth and fifth 
grade teams on designing a post-assessment for the playground task. 	  
Five of the teachers, which included Ms. Greene and Ms. Stein, were invited by 
the Facilitator to a four-day summer mathematics institute at the University. This summer 
professional development was facilitated by a team from the Center that included the 
Facilitator.	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During the overview of the summer sessions, the Facilitator explained that the 
teachers would be filming their work throughout the workshop and would create a video 
with a focus on several CCSS Mathematical Practices. The teachers would present the 
video on the last day of the workshop. 	  
Teachers were then broken up into three groups based on their grade level. Each 
group completed one of three tasks: “Strange Rulers,” “Crazy Cakes,” or “Open Boxes.” 
After completing the tasks, team members had the opportunity to reflect on their tasks, 
and share their reflections with the other groups.	  
Next, the teachers were asked to look at the CCSSM Measurement and Geometry 
standards and design learning progressions by determining the content knowledge and 
mathematical skills necessary for students to be successful with each standard. In order to 
make this task more manageable, teachers were divided into Area, Length, and Volume 
groups. This task gave teachers the opportunity to discuss the skills and understandings 
their students struggled with, and encouraged them to look at the curriculum as a 
continuum instead of being solely focused on their own grade levels.	  
Finally, teachers were given the instructions for the National Disaster 
Performance Task in which they were to design and build a cardboard shelter to be used 
in the event of a natural disaster. The remainder of this session was devoted to the design 
process for this activity.	  
During the morning of the second session, the teachers dedicated the time to the 
completion of the Natural Disasters Performance Task. Teams worked diligently with 
limited resources to create their shelters. When each group was finished, the shelters were 
put through “stress tests,” challenging their abilities to stand up to wind and rain.	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The second half of this day’s workshop was dedicated to Data and Statistics. The 
teachers collected data on their height and wingspan and presented the data in graphs and 
charts appropriate for their grade level. As a group, they then discussed drawing 
inferences about populations based on samples and the graphic display of data. Teachers 
then determined the content knowledge and mathematical skills needed for the Data and 
Statistics standards.	  
The third day began by sharing each group’s results from the wingspan task. The 
teachers had the opportunity to observe how data is represented throughout the different 
grade levels. Teachers then built on the wingspan task in order to complete the the 
Carbon Dioxide (CO2) Footprint Task. In this task, teachers were asked to survey 
individuals in the vicinity to collect data on New Yorkers’ energy usage. After collecting 
their raw data, teachers entered the data into a CO2 calculator for each participant and 
recorded the predicted CO2 footprint results. They then interpreted their data and drew 
inferences about the populations they had sampled. Groups then created a short 
presentation to share their findings with the rest of the group. This task offered several 
challenges to the participants, particularly in the areas of collecting real data from 
strangers, and making inferences from limited sample sizes.	  
The remainder of the day was dedicated to giving teachers the opportunity to 
create their own performance tasks and rubrics using a backwards design approach and 
the GRASPS protocol. The Facilitator and another facilitator from the Center met with 
individual teachers to discuss their plans throughout the day. Group discussions were also 
held in regard to practical issues that the teachers encounter in their classrooms, as well 
as the quality of the state exams.	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During the final day of the summer institute, the teachers had the opportunity to 
share their lesson plans and performance tasks with each other during the morning 
session. Teachers then began to work in groups on their CCSS Mathematical Practices 
video. Photos and video from each of the sessions were made available to groups to use 
in their video. Each group had the chance to show their video to the entire group at the 
end of the session. This was a really great way to tie the four days of the workshop 
together and highlight the CCSS Mathematical Processes.	  
What happened during this year? Where did the Facilitator end up with the 
teachers? What was accomplished? What were the next steps?	  This third year of work 
with “Sunnyside Elementary”, the Center’s work with the teachers’ focused on exploring 
how to address the needs of teachers related to assessment data-- including how to take 
the test apart, how to make meaning of the test reports, how to relate data back to the 
CCSSM, and how to use it not reactively, but thoughtfully to address students’ 
conceptual understandings. The work also focused on using the item analysis of the test 
data and the standards to design projects and rubrics to address student needs, implement 
them as well as reflect on the implementation and student learning.  	  
During this year, teachers reported that they need support in understanding 
mathematics content knowledge (e.g., provide opportunities to solve mathematics task, 
analyze different strategies for solving problems). They also reported that they need 
support in designing hands-on mathematics tasks (e.g., provide opportunities to explore 
hands-on, technology infused mathematics tasks, use test data and the standards to design 
projects and rubrics to address student needs). The teachers expressed their need for  
support in learning technology that is relevant to mathematics teaching (e.g., the use of 
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digital cameras to capture student thinking, the use of document cameras to share student 
work). Finally, the teachers created a shared understanding of what is meant by authentic 
formative assessment and its importance in the mathematics classroom-- provided 
opportunities to discuss different types of assessment, deconstruct tests reports to identify 
underlying learning patterns, identify possible student misconceptions and causes for 
misconceptions, collect and examine student work on a mathematics task, reflect on the 
process of responsive teaching and to design a lesson in response to the analysis of 
student work. 	  
The Center’s Professional Development 2012-2013 Work with “Sunnyside 
Elementary”  
The Center’s team met with the principal in the middle of October. During this 
meeting, the principal and the Center’s team reflected on the work done during the past 
three years as well as discussed the needs of the school for the school year 2012-2013. 
The principal mentioned that the mathematics state test scores were still low. For that 
reason, she wanted more support in the area of mathematics with third, fourth and fifth 
grade teachers-- three third grade teachers, three fourth grade teachers, and two fifth 
grade teachers. Ms. Victoria Greene was one of the fourth grade teachers and Ms. Sara 
Stein was one of the fifth grade teachers. 	  
The Center’s team proposed that for this year the professional development will 
include weekly school visits-- during planning periods and during class time-- as well as 
after school professional development sessions. Both types of professional development 
will be aligned to the school’s mathematics curriculum and will support teachers in: (1) 
understanding the Common Core State Standards for Mathematics (CCSSM) for the unit 
	  
	   90 
(understandings, skills, and knowledge of each standard); (2) understand the Standards 
for Mathematical Practices; (3) understand the relationship between the third, fourth, and 
fifth grade standards; (4) design and implement different types of formative assessment to 
understand students’ mathematical thinking; and, (5) design and implement mathematics 
tasks aligned to the standards. The principal agreed with the proposed professional 
development. 	  
The Facilitator invited the teachers to attend the after school professional 
development program facilitated by two Center’s professional developers-- one of them 
being the Facilitator. Ms. Greene and Ms. Stein, as well as two of the third grade teachers 
and a fourth grade teacher, attended the after school program. This after school 
professional development was a state-funded program that supports local New York City 
elementary teachers in designing authentic hands-on mathematics projects. This program 
aimed to contribute to teachers’ conceptual understanding of mathematics and the 
interdisciplinarity of the STEM (Science, Technology, Engineering, and Mathematics) 
areas. The program also aimed to engage teachers in the design of authentic, student-
centered projects and assessments using a backwards design approach. The Center 
professional developers not only facilitated the after school sessions during the school 
year and during a Summer Institute, but also supported the teachers in their classrooms 
through school visitations. A brief description of the after school program and summer 
institute is included in the next section. 	  
After School Professional Development Program 2012-2013 
During the first session, the Facilitator began with introductions, and an overview 
of this year’s after school program components-- after-school workshops, summer 
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institute, and classroom visits.  The Facilitator emphasized that the program would 
include technology infused STEM performance tasks aligned to the Common Core State 
Standards for Mathematics (CCSSM), the NY State Science Standards, and the NYC 
DOE Instructional Expectations.  Another professional developer from the Center also 
mentioned that the final draft of the Next Generation Science Standards would be coming 
out soon, and we would let them know when the final draft was released.  	  
For the first activity, the Facilitator posed the question: “What is STEM?”  She 
split the teachers up into several groups and asked each group to take a picture that 
represented STEM to them.  Groups were given seven minutes to explore, and then were 
asked to share their pictures with the group.  Teams presented their pictures and 
explained why their picture represented STEM to them.  This led to a rich discussion 
about what STEM is.  The Facilitator reiterated that technology is everywhere and does 
not need to be “plugged in.”	  
Next, the Center’s co-facilitator began a discussion of the CCSSM and testing. 
She began by discussing some of the challenges the students face when trying to solve 
mathematics problems found in the Common Core or standardized tests.  The Center’s 
co-facilitator suggested helping students with two main metacognitive tasks.  First, 
asking themselves if there are words in the problem they do not understand, and if so, are 
there context clues they can use to figure out the intention of the problem.  And secondly, 
is the problem a one- or two-step problem. The Center’s co-facilitator suggested the 
Common Core is influencing the tests to move toward two-step problems.  	  
The Center’s co-facilitator then introduced a sorting activity, using typical 
standardized test mathematical problems. She took some time to explain to teachers how 
	  
	   92 
to use these resources. She stressed that if students are going to be responsible for 
“multiple representations,” so are we.  In the sorting activity, the Center’s co-facilitator 
asked teachers to separate the questions into one-step, two-step, and multi-step problems.  
She also asked them to consider, “If one has a multi-step problem, what is the given 
question, and what is the hidden question?” as children often have difficulty addressing 
the hidden question.  The third task is to relate the math standard to the problem.  
Teachers were split up into grade groups-- first through third grade and fourth and fifth 
grade.  Following the sorting activity, teachers were asked to share how they grouped 
their problems and the rationale behind their decisions. 	  
During the next part of the session, the Facilitator introduced the bridge building 
pre-task.  In this part of the bridge building activity, teachers would be using toothpicks 
and marshmallows to investigate basic aspects of bridge design in order to inform their 
designs in subsequent sessions.  She encouraged teachers to think about the mathematics 
and science standards for their grade levels that could be applicable to this investigation.  
The Facilitator then took a few minutes to introduce the Engineering Design Process and 
its 5 phases: Ask, Imagine, Plan, Create, and Improve.  The Facilitator also gave a brief 
preview of the following session’s bridge building task so teachers could begin to think 
about designing with certain specifications, the choice of materials and associated costs, 
and the challenge of creating a bridge that is both stable and strong. After about 20 
minutes of exploration, the Facilitator brought the group back together for a wrap-up 
discussion.  	  
The Facilitator began the second session with an overview of the three main 
activities for the day.  First, the teams would complete Part 2 of the bridge building task, 
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followed by a discussion of related Mathematics and Science standards, and followed by 
another Test-prep activity. The Facilitator led the teachers through the main aspects of the 
Bridge Building task, including a discussion of the rubric and the design specifications.  
Teachers were given some time to consider their prior knowledge about the task, as well 
as the goal, the available materials, and the required dimensions of the bridge.  Teachers 
then got to work in their teams to design and build their bridges. 	  
After the bridges were complete, each bridge was tested for strength (with heavy 
washers) and stability (with the wind-up caterpillar).  Teachers were then given the 
opportunity to discuss their designs after the testing was completed.  Most of the bridges 
were successful through both tests. The Facilitator mentioned that an extension of the 
activity could involve calculating the cost of materials, making the challenge either to 
minimize costs or work within a specific budget.  A hand-out with suggested costs was 
included with the session materials. 	  
Next, the Facilitator led a brief discussion about the CCCSS-M and NY Science 
Standards that could be applicable to this project in each of the grades.  Teachers were 
given a few minutes to begin to explore the standards and choose the ones they thought 
would fit their grade level (this will be revisited next session).	  
Finally, the Center’s co-facilitator introduced a test-prep activity.  Teachers were 
given pairs of numbers, mathematical symbols, or expressions, and asked what kinds of 
questions the tests could ask related to these.  They took some time to look at each of the 
examples and discuss various questions that could be related to them.  	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The Facilitator began the third session with an overview of the days’ activities.  
For the first part of this session, teachers were given approximately 30 minutes to 
calculate the cost of their bridge, and discuss any design improvements with their group.  	  
Each group was given the opportunity to discuss their materials and costs, and 
proposed improvements in their design.  One group actually made revisions to their 
bridge.  This led to a conversation about the value of allowing students to both make and 
analyze their mistakes.  The Center’s co-facilitator reiterated how important it is for 
students to determine if their mistake was a result of a misconception, miscalculation, or 
misreading.  	  
The Center’s co-facilitator then asked, “What was it like working in a group?  Did 
it go well? Did one person take leadership?”  She suggested this was important to 
consider in terms of students working in groups in the classroom.  Teachers shared the 
strengths and challenges in their groups and some of the similar issues they face with 
their students in the classroom.  	  
The next part of the session was dedicated to exploring the Common Core State 
Standards for Mathematics.  The Facilitator began by explaining how the Common Core 
was structured by explaining the various Domains, their associated Clusters, and finally 
the individual Standards.  Surprisingly, teachers had several questions about this 
structure, and were not very familiar with these terms.  Teachers were given time to look 
at their grade level standards and choose the ones that were appropriate for the bridge 
building task.  The two facilitators moved between the groups to answer questions while 
the teachers were working on this task.  	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Next, the Facilitator began to talk in more depth about planning using 
Understanding by Design (UbD).  She explained that teachers should think about the 
standards before drafting a unit, lesson, or performance task.  In UbD, this is referred to 
as starting with the Desired Results.  Here, one considers the standards, understandings, 
and skills that one wants to address, before beginning to plan the rest of the unit.  The 
Facilitator mentioned that in some cases, one might find a task that they really like and 
then work to revise it to align to the standards.  Next, she talked about the Evidence and 
Assessment piece.  The Facilitator asked teachers to consider what assessments they 
would use in order to address the Desired Results.  Although this may be in the form of a 
performance task, there are many other assessment options such as homework, journal 
writing, videos, quizzes, etc. that teachers could also use.  The Facilitator also 
emphasized the importance of creating a good rubric, and the associated challenges.  The 
next part of UbD is creating the Learning Plan and considering how one is actually going 
to implement the unit.	  
The two facilitators then introduced two activities they would be focusing on 
during the next session.  The Facilitator explained that at the first station, the teachers 
would be using the software from the West Point Bridge Designer website to design and 
test various bridges. The Facilitator gave a brief demo of the software and explained how 
it could be used as an extension.  The second station was introduced by the Center’s co-
facilitator and involved paper engineering and the creation of a pop-up book.  She 
explained that students could use the engineering design process while demonstrating 
content knowledge in science or mathematics.  The Center’s co-facilitator showed a few 
examples of pop-up books and the associated folds used in the process.  At the end of the 
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session, teachers reflected on their experiences at both of the sessions, and completed 
session evaluation forms. 	  
The Center’s co-facilitator began the fourth session by talking about the new 
NYCDOE evaluation system, closely linked to Charlotte Danielson’s Framework.  She 
explained that the shifts they are being expected to make in relation to the Framework are 
similar to the ones required by the Common Core.  One example is the teacher acting 
more as a facilitator than the lead role in the classroom. The Center’s co-facilitator 
suggested a classroom observer should be able to see which mathematical practices are 
being used. She emphasized that knowing common misconceptions, as well as what 
students need to know, can help make differentiation of instruction much more effective.  
She also pointed out that it is important to know the progression of knowledge and skills.  
So, for example, a fourth grade teacher really needs to be familiar with both the third 
grade and fifth grade standards.  	  
The Facilitator took some time to explain the structure of the NY State Science 
Standards (NYSSS).  Whereas the CCSSM use the terms Domain, Cluster, and 
Standards, the NYSSS use Standard, Idea, Performance Indicator, and Major 
Understandings.  The Facilitator explained how using these makes the design of a lesson 
using UbD, and a rubric much easier. 	  
The Facilitator next moved on to Evidence and Assessment.  “How will you know 
what they know?”  The Facilitator asked the participants to define a Performance Task.  
Teachers offered suggestions such as: “student-centered,” “show understanding of 
desired results,” “hands-on,” “context,” “opportunity to apply knowledge and skills.”  
The Facilitator agreed that there are many characteristics and many different definitions 
	  
	   97 
of Performance Tasks and that for this program, the UbD definition for performance task 
will be used: (1) task involve a real or simulated setting; (2) task require a student to 
address an identified audience; (3) tasks are based on a specific purpose related to the 
audience; (4) task allows students the opportunity to personalize the task; and, (5) the 
task, criteria, and performance standards are known in advance and guide student work 
(Wiggins & McTighe, 2005). The Facilitator suggested these criteria simply separate 
Performance Tasks from other assessments, and that there is still value in other types of 
assessments.  The Facilitator introduced the GRASPS—Goal, Role, Audience, Situation, 
Product, and Standards—design tool, which she uses to design a Performance Task 
(Wiggins & McTighe, 2005). 	  
The next component is the rubric.  The Facilitator reiterated that if you have 
already completed the Desired Results in the UbD template, this makes rubric creation a 
lot easier. 	  
As an introduction to the next activity, the Facilitator played a video from a recent 
news story of a bridge collapse in Seattle, and talked about the possibility of integrating 
such a video into the context of a task.  Next, she began to introduce the day’s first 
activity.  Using the West Point Bridge software introduced in the previous session, the 
Facilitator created a bridge with some structural defects.  The challenge for the teachers 
was to use the software to make improvements to the bridge so it would pass the stress 
test included in the software.  After completing this challenge and familiarizing 
themselves with the software, teachers would also have the opportunity to design a bridge 
from scratch.  	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The second activity was the creation of pop-up books, introduced by the Center’s 
co-facilitator in the previous session.  The participants were split into two groups and 
began working at one of the stations. The Center’s co-facilitator gave instructions to her 
group as to how to create the different folds associated with the pop-up books, while the 
Facilitator assisted the teachers using the computer simulation software.  	  
At the end of the session, the participants regrouped and offered some reflections 
as to how they could implement these two activities in their classrooms.  The Facilitator 
also took a few minutes to give a brief overview of the upcoming Summer Institute.	  
Summer Institute Professional Development Program 2013 
At the end of the school year 2012-2013, Ms. Greene and Ms. Stein attended a 
five-day summer institute facilitated by the researcher. During the summer institute, 
teachers had the opportunity to explore several hands-on, authentic mathematics projects 
aligned to the Common Core State Standards for Mathematics (CCSSM), as well as 
unpack CCSSM aligned to the mathematics projects by determining what students should 
be able to understand, what students should be able to know, what students should be 
able to do, as well as determine students’ preconceptions. 	  
The first day of the summer session was devoted to Geometry.  Teachers began 
the session by exploring three different tasks related to geometric properties of shapes.  
Task 1: “Constructing and Dissecting Shapes”; Task 2: “Shape Sorts” and Task 3: “Parts 
and Wholes.”  These three tasks gave teachers the opportunity to really explore their own 
understandings of the geometric properties of shapes.  Next, teachers were split up into 
groups in order to look at the associated geometry standards for one grade and determine 
the content knowledge and mathematical skills students need in order to meet each 
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standard.  Some teachers found this task to be initially quite challenging, as many had 
never tried to delve into the standards in this manner.  When everyone was finished, each 
grade group shared their grade’s content knowledge and mathematical skills  with the rest 
of the groups.  This information was later typed into a progressions template and handed 
out to each of the participants, giving them a complete overview of the knowledge and 
skills needed for these particular standards in grades one through three. 	  
During the next part of the session, teachers were given the opportunity to use 
Tangrams to create various shapes.  The activity was scaffolded so that teachers could 
choose to use an outline of the shape in actual size; or smaller, one-colored versions of 
the shape.  After taking some time to explore, the group discussed how this activity could 
be incorporated into their lessons. 	  
For the last activity of the day, the Facilitator introduced “The Collection” 
Performance Task.  This task, incorporating mathematics, science, social studies, and art, 
required the participants to investigate a community, including its flora and fauna, and 
use geometric shapes and colors found to inspire an outfit for a child living in the 
community.  They were also asked to explore the relationships between structure and 
function in living things.  In this case, they were designing for one adult in their group.  
Teachers were split up into four groups to represent the four communities: Philippines, 
Ghana, Brazil, and Barbados.  Each group was given iPads and computers to begin 
exploring their community and the animal and plant they were given.  The Facilitator 
mentioned that when implementing this task, students could be given the option of 
choosing their own plants and animals, we simply chose for them in the interest of time.  
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The Facilitator also handed out the rubric for the task and took some time to explain the 
various components and answer questions.	  
During the second session, a Center’s science facilitator began the session with a 
presentation on Structure, Function, and Color in Nature.  Using the giraffe as an 
example, she asked teachers to identify structures of the giraffe.  They then discussed the 
function of each of these structures, how the function related to the structure, and how 
these helped the animal to adapt to its environment.  The relationship between structure 
and function in living things is one of the main themes in biology.  The second half of the 
presentation was on color in nature and how animals use color for various purposes, 
again linking structure, function, and adaptation. 	  
The teachers were then given more time to investigate their animal and plant and 
their associated structures and functions.  After taking a bit of time to discuss each of 
these explorations, groups were then given time to work on the design and creation of 
their outfit. At the end of the day, there was a fashion show where groups were able to 
display their outfit and explain the inspiration they had gotten from their community’s 
animal and plant. 	  
During the reflection time after the fashion show, one teacher asked the Facilitator 
about her process for designing a task such as The Collection.  The Facilitator referred 
everyone to the backwards design lesson template for The Collection which she had 
handed out earlier.  She explained how she had initially wanted to focus on the geometry 
domain, and that she had chosen one geometry standard for each grade.  She considered 
the mathematical understandings first as she was completing the Desired Results.  Earlier, 
she had an idea about designing a fashion show as a project.  She began to think about 
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how geometry is involved in the design process.  She also considered that the engineering 
design process, that was discussed earlier, is very similar to that what a fashion designer 
would go through. Next she looked at the science and social studies standards and began 
to see how she could incorporate structure and function and communities into the project.  
She then completed the desired results using the science and social studies standards and 
the associated understandings and skills.  She then came up with an essential question 
that tied it all together.  Next, she used the GRASPS template to sketch out the 
performance task and consider all the essential components.  She also designed the Pre-
assessment tasks that the teachers had completed on Day 1 in order to really delve into 
the geometry content.  And finally, she worked on the learning plan to sketch out the 
implementation of the unit within the Summer Institute. Often teachers feel that the 
designers of such frameworks do not really know what it is like to be in the classroom 
and the demands that are placed on teachers’ time.  Hearing how UbD can be used to 
create units made an impact. 	  
Days 3 and 4 of the Institute were focused on exploring fractions through music.  
The Facilitator began the session with a pre-assessment task which guided teachers 
through basic music theory and its connection to fractions.  After this initial activity the 
teachers once again were split into grade level groups to explore the mathematics 
standards related to fractions, as well as the content knowledge and mathematical skills  
needed to meet these standards.  The teachers seemed much more comfortable with this 
task during this second iteration.  After the grade groups were finished, each group 
presented their knowledge and skills to the rest of the group.  Once again, these were 
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typed up into a progression of knowledge and skills for grades 3-5, which was shared 
with each teacher. 	  
The Facilitator then introduced the next Performance Task titled, “The 
Celebration.”  In this task, the participants were to create several musical instruments and 
create an original composition with these instruments.  The first activity in this task was 
the construction of a cardboard guitar.  The groups were asked to use the Engineering 
Design Process to draw a layout of the design, including appropriate measurements, and 
then actually construct their design. At the end of the day, each group shared their guitar 
design and the process they had gone through to construct it.	  
A Center’s science facilitator began the session with a presentation on energy and 
sound in order to integrate the science content into the task. Much of the content in both 
areas seemed challenging to the teachers. Next the teachers began the Musical Water 
Glasses activity.  Here they used measurement and fractions to create different tones in 
glasses with various amounts of water.  After setting up their glasses, the group discussed 
how they had used measurement in fractions in setting up their glasses. 	  
During the next part of the session, groups were given time to compose their 
musical score with their instruments.  Groups were also given a drum, and the option to 
use a piano app on the iPad.  Students could create a variety of instruments in the 
classroom, but in the interest of time, we limited it to these four instruments.  After their 
compositions were complete, each group performed their composition for the entire 
group.  This was followed by a reflection discussion.	  
The final session was held at the Museum of Mathematics.  The first task was to 
explore three of the stations, which related to the work we had done during the first four 
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days of the Institute.  Teachers were asked to explore each of these stations, and Rita 
gave the teachers prompts to consider for each one.  They were also asked to consider 
which standards were related, and how they could develop tasks from these stations.  
After exploring these stations, the group discussed what they learned from each station 
and how they could use these stations if they brought their classes to the museum for a 
field trip. 	  
The second task was to develop a performance task based on one of the other 
stations.  They were asked to include the appropriate CCSSM in their basic plan.  
Teachers came up with some very creative ways to use the various stations. 	  
At the end of the session teachers were given time to reflect and discuss if and 
how they would use the museum. The Facilitator, as well as another Center’s 
mathematics facilitator, also gave them time to ask any other questions they had from the 
previous days’ activities.   
The Two Case Studies: Ms. Victoria Greene and Ms. Sara Stein  
The Facilitator decided to focus on Ms. Victoria Greene and Ms. Sara Stein to 
write the case studies for this research study since she spent most of the time working 
with both of them during the 2012-2013 school year-- they were two of the teachers that 
expressed more interest in having the Facilitator work with them in the classroom. Also, 
prior to this study, the Facilitator had the opportunity to work with Ms. Victoria Greene 
and Ms. Sara Stein for two years as part of the larger STEM Initiative. 	  
This section describes these two case studies: Ms. Victoria Greene, a grade-four 
teacher, and Ms. Sara Stein, a grade-five teacher. They took place in “Sunnyside 
Elementary” between December 2012 and July 2013. 	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The Case Study of Ms. Victoria Greene   
Who is Ms. Greene? Ms. Greene is a caring yet stern teacher-- she outwardly 
expresses her affection for students in the classroom. Her sense of humor makes her 
classes enjoyable to her students-- her classroom environment is interactive and 
engaging. Students are encouraged to share their personal feelings, experiences, and 
thoughts-- making her aware of her students’ needs. She is responsive to her students’ 
needs and if necessary, would change a lesson if it were not aligned to her students’ 
needs. She tries to use students’ experiences and interests when presenting new content 
knowledge-- she values when her students are able to make personal connections with the 
content. She is not only focused on the final products but on the process as well. She 
designs her classes in a way that students are able to work in interactive group activities. 
She is comfortable talking about her weaknesses and strengths in regard to mathematics 
content and pedagogy-- willing and eager to improve her knowledge and skills for 
teaching mathematics. When working with others, she is an active participant and is able 
to collaborate well with her colleagues.  
Ms. Greene has a bachelor’s degree in Sociology and a master’s degree in 
Mathematics, Science, and Technology education-- she is a Teach for America alum with 
a permanent certification in Elementary Common Branches. In her twelve years of 
teaching, she has been a grade-three teacher for seven years and a grade-four teacher for 
five years. For the 2012-2013 academic year, she was one of the two of the fourth grade 
general education classroom teachers in “Sunnyside Elementary,” which required her to 
teach all subject areas: mathematics, science, social studies, and English language arts. 
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Her classroom had twenty-four students, twelve boys and twelve girls. Ms. Greene taught 
mathematics on a daily basis in 60-minute periods.  	  
In a pre-questionnaire10 implemented at the beginning of the school year, Ms. 
Greene was asked to give her opinion on what she believes is necessary to be good at 
mathematics in school, how she designs mathematics lessons, and how she uses 
technology in the mathematics classroom in the pre-questionnaire. Ms. Greene considers 
that it is very important for students not only to remember formulas and procedures, but 
also understand mathematical concepts, principles, and strategies. She thinks that it is 
also very important for students to understand how mathematics is used in the real world 
by being able to apply the mathematics they know to solve problems arising in everyday 
life, society, and the workplace.  She also strongly believes that mathematical practices 
(e.g., use appropriate tools strategically, make sense of problems and persevere in solving 
them) should be present in the classroom to be good at mathematics.    	  
Ms. Greene mentioned that she uses the Common Core State Standards for 
Mathematics and likes to incorporate real-world mathematics problems to inform the 
design of student activities, as well as take an interdisciplinary approach. Ms. Greene also 
commented that she needs to write the key concepts that frames what you want your 
students to know or be able to do, as well as identify common errors or student 
misconceptions to guide the design of the lesson. Finally, Ms. Greene mentioned that she 
incorporates opportunities for students to work collaboratively.	  
In terms of technology, Ms. Greene stated that she usually thinks about how 
technology could contribute to students’ understanding when designing mathematics 
lessons. About half of the time, she thinks about how to help students use technology as a 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 See Appendices B and C 
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problem-solving tool, about what technology skills students need, about how to use 
technology to approach teaching in a different way, and how to use technology to engage 
students actively in the learning process. Ms. Greene can use the following technologies: 
PowerPoint, SMART Notebook, Google Earth, and the Interactive Whiteboard. With her 
class, she tries to use technology once or twice per week to practice skills and procedures 
and look up ideas and information. 	  
In addition to participating in the STEM Initiative, Ms. Green has also 
participated in professional development focusing on mathematics content, mathematics 
pedagogy and instruction, mathematics curriculum, integrating technology into 
mathematics, improving students’ critical thinking or problem solving skills, and 
mathematics assessment. 	  
The Facilitator’s work with Ms. Greene. The Facilitator and Ms. Green had 
been working together for the past two school years—2010-2011 and 2011-2012. Having 
said that, and before starting the professional development work for the 2012-2013, the 
Facilitator asked Ms. Greene if she could informally observe her class to have a better 
understanding of her students. The following narrative is based on excerpts of the 
Facilitator’s field notes of Ms. Greene’s classroom observation.  
Ms. Green was on Unit 2: Unit Conversions-- Addition and subtraction of 
length, weight, and capacity. She started out by explaining to me what 
they have been doing in class. She then proceeded to go over the rules on 
how to explain your mathematical reasoning to others-- she had a poster of 
it on her room. She then went on to talk about units and unit conversions. 
She went to the side of the room that had posters with the metric and the 
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standard systems of measurement. She specifically pointed out to the 
metric system poster and asked the students, “Why does this one 
correspond to the metric system?” A couple of students raised their hands 
to explain why it was the metric system-- none of the students were 
completely correct with their explanations. She continued by mentioning 
that a decimeter was 1/10 of a meter, a centimeter was 1/100 of a meter, 
and a millimeter was 1/1000 of a meter. She showed them the fractions 
that were also shown on the poster. She asked the leader of each group to 
go get a yardstick; she then corrected herself by saying to go get a meter 
stick. Each group had a meter stick and students were not to touch it, 
except the group leader. She asked, “What is a decimeter?” and handed a 
unit-cube rod to each of the group leaders. Each group had the same task-- 
to give an explanation of what is a decimeter by using the rod. Students 
were given some time to explore and come up with the answer. 	  
She then told the students to put all of the materials down and come to the 
rug where she was going to explain the task that they were going to do. 
When students came back to their desk, they had to work on the task. The 
task was as follows: A picture of a square was given. The picture showed 
that one side of the square was 1 cm and the other side was 10 mm. There 
were two characters on the word problem: A and B. A said that the 
perimeter was 4 cm and B said that it was 40 mm. The problem asked the 
student to decide whom they agreed with: A or B?	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Students were given some time and manipulatives to solve the task. Since 
the teacher and some students said that the cm-unit cube “measured one 
cm”, students wanted to use them to measure the square on the piece of 
paper. The square on the handout was not drawn to scale; students did not 
know about this, and no explanation by the teacher or in the handout, 
specified that the square was drawn to scale and was not the actual size. 
Because of this, some of the students were confused because the sides of 
the square measured “four cm unit cubes” and not one centimeter like it 
said on the drawing. 	  
After carrying out the informal classroom observation, the Facilitator and Ms. 
Greene met the following week to set up goals for the work during this school year. The 
following narrative is an excerpt of the Facilitator’s field notes. 	  
Today I met with her during her mathematics class period-- she had a free 
period. She was very interested in doing curriculum mapping for Unit 1: 
Place Value, Rounding, Fluency with Addition and Subtraction 
Algorithms of Whole Numbers… Since there had been no time to do the 
curriculum mapping for Unit 1, she wanted for me to support her with 
that… The teacher had questions about each of the components and 
wanted to make sure that she understood them correctly… She also 
questioned if the Common Core standard 4.OA.311 was an understanding. 	  
These Facilitator’s field note excerpts highlight some of the type of professional 
development support Ms. Greene received from the Facilitator. This support was either 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11 4.OA.3: Solve multistep word problems posed with whole numbers and having whole-number answers 
using the four operations. 
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in-classroom-- while the teacher was carrying out her mathematics instruction-- or 
outside classroom (e.g., lunch, planning periods, hallway talks.)  
From December 2012 through July 2013, the Facilitator worked 23 days in the 
school with Ms. Greene. The Facilitator was at the school on Mondays and Tuesdays. In 
these 23 days, there were 120 instances that Ms. Greene received either in-classroom or 
outside-classroom support by the facilitator: 70 instances for in-classroom support and 50 
instances for outside-classroom support. Ms. Greene also attended four after school 
professional development sessions, as well as a five-day summer institute co-led by the 
Facilitator and a Center’s professional developer. 	  
During this time period, Ms. Greene and the researcher had the opportunity to 
work together in designing, implementing, and reflecting on three mathematics hands-on 
activities aligned to Ms. Greene’s professional development needs: the McDonald’s task, 
the play dough task, and the bridge task. 	  
The McDonald’s mathematics task. At the beginning of the study, Ms. Greene 
mentioned that she was very interested in doing the curriculum map for Unit 1, “Place 
Value, Rounding, Fluency with Addition and Subtraction Algorithms of Whole 
Numbers.” Ms. Greene mentioned that her and her colleagues have been doing a lot of 
“good things” in mathematics. Ms. Greene shared these “good things” with the 
Facilitator-- these included the mathematics tasks and post-test that she and her grade 
level team designed and implemented for Unit One. Ms. Greene mentioned that 
unfortunately, there had been no time to implement the post-test or do an end of the unit 
task. Ms. Greene also mentioned that there had been no time to do the curriculum 
mapping for Unit One-- curriculum mapping is a process for identifying standards-based 
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content skills, knowledge, understandings, as well as assessments and learning activities 
for each unit. Ms. Greene wanted support on this.  
The school uses an online program to do the curriculum mapping. Ms. Greene 
was curious and wanted to know if there was a template on the online program to do the 
curriculum mapping. After exploring the online program, Ms. Greene found the template 
and mentioned that it had the following components: big idea (or understanding), 
essential question(s), content, skills, vocabulary/key terms, assessments, learning 
activities, and Universal Design for Learning (UDL). Ms. Greene had questions about 
each of the components and wanted to make sure that she understood them correctly. She 
also wanted to know how different they were from the Understanding by Design (UbD) 
template that the Facilitator and she have been using for the past two years. The 
Facilitator assured her that they were similar. The Center has been using a UbD template 
for the past 10 years and is adapted from Wiggins and McTighe (2005) backwards design 
approach. The UbD template that the Center uses is divided into three sections-- desired 
results, evidence/assessments, and learning plan. The desired results include the 
standards, understandings, knowledge, skills, and essential questions. The 
evidence/assessments section includes the performance task, as well as other types of 
both summative and formative assessments. Finally, the learning plan includes the 
learning activities needed to implement the unit or project.    	  
Because Ms. Greene wanted to start off the design of the task by talking about the 
understanding, a conversation took place between Ms. Greene and the Facilitator of the 
differences among understanding, skills, and knowledge. During this conversation, the 
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Facilitator mentioned that it was very important to look at each standard individually and 
tease out from each standard both the content and the skills from each standard. 	  
Ms. Greene identified the standard for the unit task: “4.OA.3. Solve multistep 
word problems posed with whole numbers and having whole-number answers using the 
four operations.” The Facilitator and Ms. Greene unpacked the standard-- unpacking the 
standard means to identify what students should know and what students should be able 
to do. Ms. Greene mentioned that for this standard, place value was not included and that 
it needed to be included. The Facilitator mentioned that in fact it was not included in that 
specific standard but that it was included in the Grade 4 Numbers and Operations—Base 
Ten domain of the CCSSM. The Facilitator commented that the standards are not 
“alone”--that they go hand in hand with other standards. The Facilitator stressed the fact 
that you do not teach them separately but in combination with the other standards. 
Therefore, Ms. Greene decided to add the standards that focused on place value. 	  
During the next two planning meetings, the Facilitator and Ms. Greene continued 
planning the task. At the third planning meeting, it was decided that the task was going to 
involve multiplication and division: multiplication of at least two-digit numbers by a one-
digit number and division by a one-digit number. It was also established that the 
problem-solving task should include two different unknowns. 	  
The Facilitator and Ms. Greene discussed several ideas for the task itself-- a 
performance task that would address the agreed-upon standards. The first idea was for 
students to find the area of the classroom rug. For this task, students would have to find 
the dimensions of the rug by determining the amount of floor tiles of the length and the 
width of the rug. The second idea was to use the menu at McDonald’s to determine which 
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choice was the healthiest, which choice had the most calories, and to find the difference 
in calories between the healthiest choice and the one with the most calories.  	  
Ms. Greene chose to design the McDonald’s task since her students are familiar 
and go often to that fast food establishment. Ms. Greene decided that she should use the 
online website’s reference table to determine the nutritional fact of some of the meals on 
the menu. Since the Facilitator was only at the school for a couple of days, Ms. Greene 
finished the design of the task on her own, “How to make mathematical decisions at 
McDonald’s.” 	  
The researcher was invited by Ms. Greene to observe the implementation of the 
McDonald’s task in the classroom. When asked to describe the McDonald’s task in 
writing, Ms. Greene wrote: 	  
The task I designed asked students to decide when to multiply/divide 
(reteach) to solve real world word problem using two McDonals [sic] 
menu (online). Students had been taught multiple methods of 
multiplication, division (alternative strategies), as well as, shared-
strategies responses with each other and received scaffolding and practice 
for each method. Student and teacher used online stopwatch to try and 
manage time efficiently. Flip chart was used during lesson (and unit for 
reteaching, misconceptions, student analysis) to chart model multiple 
representations and student responses. Students solved a real world 
problem (comparing fat/calories) and communicated in order to deepen 
understanding. (Ms. Greene, 2013).	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Ms. Greene started the lesson with a warm-up that she had posted on the 
interactive whiteboard. During several instances in the lesson, students had the 
opportunity to turn and talk to their classmates in their table teams. While students were 
working in their tables, Ms. Greene walked around the room and asked questions to the 
students about their work and helped any student that was struggling with the task. Since 
there was a limited amount of netbooks (computers), only several students were able to 
use the device to access the online menu to solve the task. The rest of the students had a 
printed menu. At the end of the lesson, Ms. Greene led a class discussion with the 
students. During the reflection, Ms. Greene allowed students to share their findings with 
the rest of the class. In occasions, she built on students’ responses. Ms. Greene also 
encouraged students to answer by giving them enough time. She constantly referred to 
her students as mathematicians. She also praised students on their answers, especially to 
those students who struggle in mathematics. The following is a section of the transcript of 
the researcher’s field notes of what happened in the classroom.  	  
Ms. Greene: Look at the calories. If I ate 1040 calories, how many quarter 
pounders did I eat? Can you explain your reasoning with an argument? 	  
Student: Two, she used 520x2=1040. 	  
Ms. Greene: What if I ask you solving it using division? How can we 
explain our argument using division? 	  
Ms. Greene writes the following on the board 1040/520=2. 	  
Ms. Greene: This is a large number. If you are going to divide, look at the 
largest number and see how you can work backwards. 	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Ms. Greene: How can you use this information and apply these concepts 
to a real life situation? 	  
Student: You can tell other people about it. 	  
Student: Tell them to give you a healthier snack 	  
Student: Find out which one has more calories and which has less 	  
The play dough task. After the implementation of the McDonald’s task, Ms. 
Greene wanted to start working on designing the task that would be aligned to the city 
instructional expectations. During the school year 2012-2013, teachers had to create two 
units that were aligned to the New York City Instructional Expectations (NYCDOE, 
2012) and had implementation deadlines established by the school’s administration.  
To build upon the work done during the 2011-12 school year, one of each 
teacher’s Common Core-aligned units of study in 2012-13 should focus on 
Mathematical Practices12 3 and/or 4 and the selected domain of focus 
[Operations and Algebraic Thinking]. The other unit should also focus on 
Mathematical Practices 3 and/or 4 as well as on other relevant 
Mathematical Practices and may center on standards in the same domain 
or on other major work of the grade. 	  
For the design of this task, the Facilitator and Ms. Greene met with the other 
fourth grade teacher in the school during three planning periods. Both teachers had an 
idea of what they wanted for the mathematics task. Ms. Greene and her colleague started 
talking about an idea that they had of a task that involved a recipe where students had to 
double the amount of ingredients as well as halve the ingredients. Before they proceeded 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12 Mathematical Practices: 3. Model with Mathematics and/or Construct Viable Arguments and 4. Critique 
the Reasoning of Others 
	  
	   115 
to talk more about the task, the Facilitator asked them about the understanding or big idea 
of the task. They mentioned that they wanted students to “add and subtract, and multiply 
fractions, and be able to recognize fractions of a whole.” The Facilitator felt that this was 
not an appropriate understanding for the task, since it was framed more like skills. But 
due to the fact that the teachers were pressured because the administration was telling 
them to implement the task by next Monday, the Facilitator decided not to go more in 
depth about the understanding of the task. 	  
 The Facilitator and the two teachers continued planning the task. The researcher 
had the role of typing the information in the template. For Part A of the task, it was 
decided that students should be able to add and subtract fractions, as well as multiply 
fractions by a whole number. A brief debate took place on whether the students should be 
told to “double the recipe” or should students be able to determine that on their own (e.g., 
“the original recipe is for 10 students and they need to make it for 20.”) After going back 
and forth between the two, the teachers decided that students should figure it out on their 
own. 	  For Part B, the teachers wanted students to be able to halve the recipe; students 
should be able to subtract and/or divide fractions by a whole number. Another debate 
happened whether students should be told to “halve the recipe” or have students 
determine that on their own. The teachers also established that students should decide to 
determine it on their own. The Facilitator made a comment that students were only 
working with one-half (½) as a fraction and that it would be recommended to include 
another benchmark fraction. The teachers decided to include one-fourth (¼). 	  
 Finally, the teachers were not sure if there should be a Part C. The Facilitator 
commented about how they felt about assessing if students were able to add fractions and 
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whole numbers, add fractions with like denominators, and add fractions with unlike 
denominators by adding the recipe in Part A to the recipe in Part B. The teachers were 
concerned about this part since they felt that it would be challenging for some of the 
students. The Facilitator stated that it might be for some of them but not for all. The 
Facilitator also commented that this could be a way of challenging the students, as well as 
provide an extension of the task to those students who already have Part A and Part B 
mastered. The teachers finally decided that it was a good idea. They commented that 
students should be able to find equivalent fractions when they are adding two fractions 
with unlike denominators. The teachers commented that students are used to the fraction 
strips or fractions using geometric shapes. Finally, the teachers decided that they were not 
going to tell the students to “add both recipes” but instead tell them to “find the recipe for 
25 students.” 	  
The Facilitator was invited to see part of the implementation of the play dough 
task in Ms. Greene’s classroom. When the Facilitator arrived to the classroom, the 
students were working on the mathematics task. Ms. Greene told the Facilitator that she 
had a conversation with the students about the first two steps for solving problems: Step 
1. Understand the Problem and Step 2. Think of a Plan. The students stated that for the 
first step, they knew that the original recipe was for 10 people; that they needed to make 
enough for 20 for Part A and enough for five for Part B. Finally, the students said that 
they needed to make enough for 25 in Part C. For the second step, the students mentioned 
that they needed to change the amount of each ingredient; that they needed to double the 
amount of the recipe to make enough for 20 people because ten times two equals 20. 
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They also stated that they would need to find the half of the recipe for five students by 
drawing a diagram. 	  
After she had filled in the Facilitator on what had happened with the 
implementation of the task, Ms. Greene sat on the rug with her students to create the play 
dough for the original recipe. While she was mixing the ingredients, she was asking 
students questions about what she was doing. Afterwards, the students went back to their 
seats to work on the task individually. 	  
A week later, the researcher was back in Ms. Greene’s classroom. Ms. Greene 
asked the Facilitator if she could work with a student that had not finished the 
mathematics play dough task. The Facilitator agreed and sat in the back of the room with 
the student. The following is an excerpt from the Facilitator’s field notes. 	  
The student did not know what “doubling” meant. She thought that it was 
“adding by two.” I gave her certain examples of doubling, for example, 
the double of 7 is 14, the double of 4 is 8, etc. Then asked her if she knew 
what doubling meant. She said that it was “multiplying by two”. It was 
also important for her to understand that doubling mean also to “add by 
the same number”. Therefore, I asked her to look at the samples I just gave 
her and see how much you needed to add in order to get the double. She 
said that you would need to add the same number to get the double. There 
was no clear understanding of the relationship between multiplication and 
addition.	  
She did not know what “half” meant. I did something similar to doubling 
to explain this concept to her. Once I thought she knew what they meant, 
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she was not able to distinguish between them. This might be due to the 
fact that she had a hard time making sense of the problem. 	  
At the end of the session, I wrote a note to the teacher explaining these 
three things. This is a way to model assessing student work.	  
The teacher also made a comment that she messed up the explanation of 
the topic and that she would like to talk about it during her prep period. 
She was confused whether students in 4th grade should be able to simplify 
fractions or not. Was not sure if it was included in the CCSS. She was 
doing exercises on the Everyday Math journals. Following Everyday 
math, which is aligned to old curriculum.	  
During the afternoon planning period, Ms. Greene and the Facilitator met to 
continue talking about my observations during the morning lesson and the work with the 
student. Ms. Greene commented that a couple of students have the same problem of 
misunderstanding what “double” means; students thinking that it is adding two. Ms. 
Greene said that she would do a “do-now” about doubling, halving, and adding two so 
students would see the difference between them. She said that students do in fact have a 
hard time making sense of the problem. She will provide a template (with or without 
prompts) on the five steps of problem solving. She also mentioned that students need 
more time with Step 1 (understanding the problem) and Step 2 (thinking of a plan). She 
mentioned that sometimes teachers do not given students the time needed for solving 
problem. 	  
Ms. Greene also commented that it is very overwhelming to do everything that the 
New York City Department of Education (NYCDOE) is requiring, especially since it 
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means having to work in teacher teams. She understands that teamwork is very important 
but she is having a hard time working with the other grade-four teacher. 	  
The Facilitator and Ms. Greene then had a conversation about Unit 5: Order and 
operations with fractions. Ms. Greene was not sure if students needed to find common 
denominators when comparing fractions. After looking at the standards and reading the 
standards, she mentioned that her students in fact have to learn how to find common 
denominators when comparing fractions. 	  
Ms. Greene commented that she knows the algorithm of how to find common 
denominators. She showed the Facilitator with an example: 4/5 is equal to 16/20, since 
4/5  ×4/4   = 16/20. The Facilitator mentioned that not only should students know the 
algorithm but also that is also very important for students to understand it conceptually. 
The Facilitator mentioned that it could be done with the use of visual models and 
representations by creating an example. Ms. Greene mentioned that it would take too 
long for students to do the visual representations on the tests and that is why they needed 
to use the algorithm. After thinking about it for a while, Ms. Greene mentioned the 
“fraction cards.” The Facilitator asked Ms. Greene if she could explain what they were. 
Ms. Greene mentioned that they are tiny flashcards of the same whole divided into 
different equal parts. Ms. Greene stated that the purpose of the fraction cards is for 
students to line them up, side to side, to determine if the shaded region, for example, one-
half (½), represents the same shaded region as another card, for example, two-fourths 
(2/4). By doing so, students could visually compare the two fractions.	  
After having this conversation with the researcher, Ms. Greene mentioned that 
students should be able to learn this concept (i.e., finding common denominators) by first 
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understanding it, and that using visual models could be the way. Finally, she asked the 
Facilitator if it would be valid if the post-assessment were the same as the pre-
assessment. The Facilitator explained that it would be valid.	  
She then asked the Facilitator about a problem that she was having a hard time 
with and could not solve it. She asked the Facilitator to solve it so both could compare 
answers. The following is an excerpt from the researcher’s field notes. 	  
 “Mary gave 2/9 of her cookies to Matthew. Mary ate 1/3 of her cookies. 
She had 8 cookies left. How many cookies did she have at the beginning?” 
I solved the problem by drawing a circle, dividing into 9 equal parts, 
shading 2/9 for Matthew, 1/3 or 3/9 for Mary. At this point, there was only 
4/9 left. And since there were 8 cookies, I distributed them into 4 equal 
groups. This meant that every 1/9 represented 2 cookies. Therefore, there 
were 18 cookies.	  
When I communicated my reasoning, she said that this is why visual 
models are very important. She was trying to do this algebraically 
(4/9x=8) but was not able to find the answer. I told her that yes; this could 
be a way to solve it, but that it would be hard for students to really 
understand the “why” of the algorithm. She again concluded that if 
students understand what is behind the algorithm, they would understand 
it and won’t forget it that easily. 	  
The bridge task. In mid-April, the Facilitator and Ms. Greene met during Ms. 
Greene’s planning period to begin discussing the bridge activity. The bridge activity had 
been done during one of the after school professional development sessions that Ms. 
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Greene attended. Ms. Greene began by saying that she wanted to do the same task but 
with some modifications; she was not sure about what materials she wanted the students 
to use. The Facilitator reminded her that the teachers in the after school professional 
development used toothpicks to build the bridges before using any other materials. By 
doing this, the teachers got the opportunity to explore with how to design and build a 
bridge, before creating a larger scale of it and using other types of materials. Ms. Greene 
agreed but said that unfortunately, there would be no time to do both; she said that they 
would only do the toothpick activity. 
Ms. Greene mentioned that she would like to use the handouts that were given to 
them in the after school session. The Facilitator said that she would send them to her and 
that they could work together on the handouts modifications on Tuesday during Ms. 
Greene’s planning period. Ms. Greene mentioned that she wanted to change some of the 
specifications of the bridge (i.e., span, width, and below clearance).	  
Even though the task was already aligned to certain mathematics standards and 
since Ms. Greene wanted to modify the tasks, the Facilitator asked Ms. Greene to think 
about the standards in both mathematics and science that she wanted the task to be 
aligned to. Ms. Greene said that that would be a great idea. 	  
Ms. Greene mentioned that she was really happy with having the support to do 
these kinds of activities. The following is an excerpt of the Facilitator’s field notes.	  
Also, it was very interesting what she said at the end of our conversation. 
She said that I was a mystery to her. That she had been talking to her dad 
and boyfriend about me and how we work together during the school day 
and in the afterschool workshops. She told me that she tells them that I am 
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very good at what I do, that I have the knowledge in teaching and 
mathematics, but that she is very perplexed because I am very young. She 
tells them that “how could she be so young and be able to do what she 
does? She probably just was very smart, and went through her teaching 
really soon, but she can’t have that much experience in the classroom 
because of her age.” I told her that I was in the classroom for 9 years 
teaching high-school mathematics and that I was 37 yrs old. She could not 
believe it. But it seemed that she was happy to know that about me so she 
would not see me as a “mystery” anymore.	  
This is what I really like about the relationships that I am able to build 
with teachers. This type of relationships makes them open more about 
their teaching and knowledge, as well as her personal life. 	  
The Facilitator and Ms. Greene met to continue planning the mathematics bridge 
task. Ms. Greene mentioned that she had been writing notes on what needed to be 
changed and that she also had taken a look at the science standards. Ms. Greene wanted 
to align the task to a third grade science standard because, according to her, none of the 
fourth grade science standards were applicable. The Facilitator pointed out that in Unit 
Four of fourth grade, there was a piece on natural disasters and that this could apply to 
the design of bridges since it was something that students need to consider when 
designing them. Ms. Greene still wanted to include also the third grade standard, which 
had to do with properties of objects and the use of standard and nonstandard units of 
measurement, as well as the use of appropriate measurement tools. 	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When it came to talk about the mathematics standards, Ms. Greene decided on 
using a standard on comparing decimals. She wanted students to be able to measure the 
bridge and that meant that they might have to use fractions. Also since, they were going 
to be getting dimensions of the bridge, they would have to convert non-standard units to 
standard units. She was not sure if it would be to the nearest inch or fraction of an inch. 
She decided to use the fraction benchmarks, one-half (½), one-fourth (¼), and one-eight 
(⅛). 	  
The Facilitator and Ms. Greene continued to write in the “Students will be able to 
do…” section of the template. Afterward, they proceeded to modify the handout. One of 
the changes that was made was to the span of the bridge to 3𝑖𝑛 ≤ 𝑡𝑜𝑜𝑡ℎ𝑝𝑖𝑐𝑘𝑠 ≤ 6𝑖𝑛. She 
mentioned that she wanted to use the “less than or equal” symbols, but she was not sure 
how to use them; she said that she was confused. The Facilitator explained what each 
symbol meant and how to use them. Ms. Greene then proceeded to write “3>6,” and 
asked the Facilitator if it was correct. The Facilitator commented that the “pointy thing” 
represented the least amount and the opening should be towards the greatest amount. Ms. 
Greene then said that 3>6 was wrong and that it should be the other way around. The 
following is an excerpt of the Facilitator’s field notes. 
Very clear example of how the teacher is comfortable telling me that she 
does not know and that she needs helps. I did not want to just tell her the 
right answer, but wanted to explain to her in detail what each symbol 
meant and how to use them. I also, wanted to know beforehand what she 
knew and what she had difficulties with. On her own, after being wrong 
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and then understanding where her mistake was, she came up with the right 
answer. I was trying to model what she could do with her students.	  
The rest of the planning meeting was spent making all of the other changes to the 
handout, which included a new clearance below, a new width, adding a table of cost of 
materials, and setting the prices to include decimals. At the end of the meeting, she said 
that she was very thankful with all the support that she has been getting from the 
Facilitator and that she was really excited to do the activity next Monday.	  
The next time the Facilitator was in Ms. Greene’s classroom, Ms. Greene was 
reading a book on bridges to the class. As she was reading, she was questioning the 
students about what she just read. She was very specific in stressing out the steps of the 
engineering process as she was reading. Also, she had the students write in their 
mathematics journal questions and ideas that they got from each chapter.	  
Ms. Greene asked her if she could explain to the students the “push and pull” 
section of the project since she was not sure how to explain it to her students. She wanted 
students to explore different geometric shapes and determine which one was the 
strongest. The two shapes were the triangle and the square. The Facilitator agreed to do 
so. Ms. Greene asked the Facilitator what she needed. The Facilitator mentioned about 
what she thought about having each student construct a triangle and a square with the 
toothpicks. But since Ms. Greene wanted to make sure that she had enough materials for 
the actual construction of the bridge, she said that what she would do, is give each table 
enough materials for each student to construct one or the other.	  
The next time the Facilitator was in the classroom, students had their bridges on 
their desks. The bridges were all constructed. They were under two folders; the two 
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folders were used as a base to stand the bridge on. On each folder, it was written: 
“Engineers” next to each student’s name.	  
Ms. Greene mentioned that they could not finish last week because they had other 
activities. The students were talking about how they would test the bridge for strength 
and stability. Ms. Greene told her students to make sure that they had the diagram with 
labels. She said that they should label by marking which types of materials. When she 
finished that, she asked students to go to the rug.	  
On the rug, Ms. Greene told the Facilitator that they had worked very well during 
the construction of the bridge. She asked the students to tell the Facilitator what they had 
done. They mentioned that they worked with others, they treated each other with respect, 
they built partnerships, and they were doing mathematics. After the class discussion, 
students went back to their group and we walked around supporting them. 	  
Both the Facilitator and Ms. Greene decided to do an extension of the activity for 
some of the students. Ms. Greene had arranged to get two MacBook’s. She wanted 
students to have the opportunity to make connections between the building of the bridge 
with toothpicks and marshmallows/gummies and with building the bridge using the 
software. Ms. Greene asked if the Facilitator could work with three students in the back 
of the room with the bridge-simulation software. 	  
The Case Study of Ms. Sara Stein   
Who is Ms. Stein? Ms. Sara Stein is pragmatic and realistic. She is an 
experienced teacher with a firm management style in the classroom—she sets downs 
clear rules and expectations for classroom rules and student behavior—and addresses 
discipline in a “firm but fair” manner. She likes planning her lessons in order to maintain 
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a well-structured and organized classroom. Ms. Stein spends most of her time giving her 
students directions on the learning activities, as well as providing them with the content 
information. The majority of the learning activities she designs are skills based and she 
values mastery of skills and completion of projects. She appreciates students who are 
well organized, respectful of the classroom rules, well behaved, and prepared and task-
oriented. Ms. Stein is a thorough and detailed-oriented teacher.  
Ms. Stein has a bachelor’s degree in Organizational Management and a master’s 
degree in Remedial Reading. She has a permanent certification in Elementary Common 
Branches, a permanent certification in Reading K-12, and an initial certification in School 
Building Leader. In her 28 years of teaching in elementary education, she has been a 
grade-three teacher for ten years, grade-four teacher for thirteen years, and grade-five for 
four years. For the 2012-2013 academic year, she was a grade-five general education 
classroom teacher in “Sunnyside Elementary,” which required her to teach all subject 
areas: mathematics, science, social studies, and English language arts. Her classroom had 
thirty-five students, 17 boys and 18 girls. Ms. Stein taught mathematics on a daily basis 
in 45-minute periods. 	  
In a pre-questionnaire13 implemented at the beginning of this school year, Ms. 
Stein was asked to give her opinion on what she believes is necessary to be good at 
mathematics in school, how she designs mathematics lessons, and how she uses 
technology in the mathematics classroom. Ms. Stein considers it important for students to 
remember formulas and procedures, understand mathematical concepts, principles, and 
strategies, as well as calculate accurately and efficiently and express numerical answers 
with a degree of precision for the problem context. She also strongly believes that 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
13See Appendices B and C 
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mathematical practices (e.g., use appropriate tools strategically, make sense of problems 
and persevere in solving them) should be present in the classroom to be good at 
mathematics.    	  
Ms. Stein mentioned that she uses the Common Core State Standards and takes an 
interdisciplinary approach when designing lessons. Ms. Stein usually considers new 
information emerging from the mathematics fields and uses real-world mathematics 
problems to inform the design of student activities. Ms. Stein also commented that she 
needs to write the key concepts that frames what you want your students to know or be 
able to do, as well as identify common errors or student misconceptions to guide the 
design of the lesson. 	  
In terms of technology, Ms. Sara Stein stated that she usually thinks how 
technology could contribute to students’ understanding, about how to help students use 
technology as a problem-solving tool, and about what technology skills students need 
when designing mathematics lessons. Ms. Stein can use the following technologies: 
SMART Notebook and the Interactive Whiteboard. She uses technology once or twice a 
month to look up ideas and information. 	  
In addition to participating in the STEM Initiative, Ms. Stein has also participated 
in professional development focusing on mathematics content, mathematics pedagogy 
and instruction, mathematics curriculum, integrating technology into mathematics, 
improving students’ critical thinking or problem solving skills, and mathematics 
assessment.  	  
The Facilitator work with Ms. Stein. The Facilitator and Ms. Green had been 
working together for the past two school years-- 2010-2011 and 2011-2012. At the 
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beginning of the study, in December 2012, the Facilitator met with Ms. Stein to have a 
better understanding of where the teacher needed support and to set some goals. One of 
the first things that Ms. Stein mentioned is that students took a mathematics grade-five 
fall benchmark assessment which covered material of Unit 1: Whole Number and 
Decimal Fraction Place Value to the One Thousandths and Unit 2: Multi-Digit Whole 
Number and Decimal Fraction Operations. Ms. Stein also mentioned that Unit 3: 
Addition, Subtraction, Multiplication and Division of Fractions, was the first unit that 
was taught in this school year.  
For both Unit 1 and Unit 2, Ms. Stein started designing units aligned to the New 
York City Instructional Expectations-- it includes a performance task for the unit, student 
work, student work analysis, the curriculum mapping, and a pre-post assessment. The 
pre-test had been implemented in September and had been revised, but not analyzed by 
Ms. Stein. Ms. Stein mentioned that she was going to be implementing the post-test, 
which was the same as the pre-test; the only difference is that the “numbers” of the 
problems were changed. Ms. Stein mentioned that she was planning on looking at both of 
them and was thinking of having her students analyze and compare both of the tests 
themselves. 	  
The researcher and Ms. Stein proceeded to talk about the next unit, which will be 
Unit 4: Extensions and Applications of Multiplication and Division of Fractions and 
Decimal Fraction. This unit is scheduled to start at the beginning of January 2013. Ms. 
Stein stated that she would like to work with the Facilitator to continue planning the 
bundles, create the curriculum mapping for Unit 4 and analyze student pre-post 
assessment data of Unit 1 and Unit 2. 	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At the beginning of January 2013, because of an unexpected situation at the 
school, the two fifth grade classes had to be grouped together. Ms. Stein’s class doubled 
in size; she now had 35 students. She mentioned that due to this new situation, she had no 
idea where the students were with respect to the curriculum. Ms. Stein mentioned that the 
former fifth grade teacher did not follow the same scope and sequence that her class did. 
She was also concerned about the fact that the other students were not used to her way of 
teaching and that they did not have the same assessments as her group did. Ms. Stein 
thought about giving the other students the same post-assessment as she had given to her 
class. She intended to group the students based on the assessment results. She mentioned 
that she wanted to push the “strong” students, teach to the “middle” students and support 
with special assessments the “low” students. She was also worried in starting Unit 4 right 
away since she did not know where every student was. In the meantime, Ms. Stein had 
students practice basic strategies to practice their mathematics skills from Unit 1 and Unit 
2. She also mentioned that because she had now 35 students, she should be getting a 
teacher assistant from the city, and that, unfortunately, this person would not be the same 
every time. She mentioned that with all of these new students, there would be a lot of 
paperwork to fill out. It is important to note that Ms. Stein did not get a teacher assistant 
from the city. The Facilitator does not know the reasons. 	  
Due to this unexpected situation, the original plans the teacher had to work with 
the Facilitator shifted. Ms. Stein mentioned that she would like the Facilitator to support 
her in the classroom by providing assistance when working with a group of students and 
outside the classroom with the planning of units. This support was either in-classroom-- 
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while the teacher was carrying out her mathematics instruction-- or outside classroom 
(e.g., lunch, planning periods, hallway talks.) 	  
From December 2012 through July 2013, there were 29 days the researcher was in 
the school working with Ms. Stein. The Facilitator was at the school on Mondays and 
Tuesdays. In these 29 days, there were 121 instances that Ms. Stein received either in-
classroom or outside-classroom support by the Facilitator: 28 instances for in-classroom 
support and 83 outside-classroom supports.  Ms. Greene also attended four after school 
professional development sessions, as well as a five-day summer institute co-led by the 
Facilitator and a Center’s professional developer. 	  
During this time period, Ms. Stein and the Facilitator had the opportunity to work 
together in understanding mathematical content and pedagogy, homework assignments 
management, integration of technology, as well as design and implement a hands-on 
activity, the bridge task. 	  
Understanding fractions. There were several instances when Ms. Stein and the 
Facilitator engaged in conversations about fractions. One of these conversations was 
around dividing and multiplying fractions. Ms. Stein mentioned that she learned division 
and multiplication of fractions by rote memorization. The Facilitator explained that 
research shows that it is very important for students to understand the conceptual 
understanding of what a fraction is and what does it mean to divide by and multiply by 
fractions. Ms. Stein wanted to know what it meant to multiply one-half by one-half, 
𝟏/𝟐×𝟏/𝟐. The following is an excerpt from the Facilitator’s field notes.  
We started talking about what it meant to multiply. I took a piece of tissue 
and cut it in two parts and labeled each part as ½. She mentioned that the 
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answer would be ¼ but she wanted to know why. She wanted to know 
what does the ¼ represent. We talked about it and she started writing the 
following equations:	  
1/2  ×  2 =   1	  
1/2  ×1 =   1/2	  
1/2  ×1/2 = 1/4	  
She noticed that there was a pattern and that each time you were dividing 
by ½. But she was still a little bit confused about how would you explain 
this to the students. Since multiplying by ½ was still a little confusing, I 
decided to put an example of multiplying by 2. I asked her, “What does it 
mean to multiply by 2? For example,  4×2 = 8, what does it mean?” She 
mentioned that it meant that you double the 4; that you have twice as 
much. She mentioned that in 8×2 = 16, it is the same thing. Therefore, 
she stated that when we multiply by 2, we are getting “twice as much”, 
“doubling the number”, “adding the number twice”, etc. I asked her the 
following, “What happens when we multiply times ½? What does ½ 
represent?” She mentioned that ½ represents the “half”, “half of 
something.” She stated that if you are multiplying by ½, it should be the 
same as “halving something”. She came to a conclusion that when you 
have 4×1/2, you will “halve the four” which would equal 2, therefore4×
1/2 = 2. I restated what she said by saying that “halving something” 




; so if 
you multiply 1/2  ×1/2 , then you are “halving ½” which is the same as 
¼, or dividing ½ by 2. At the end of our conversation, she mentioned that 
instead of just telling students this, she would have students come up with 
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it. She said that it was more important for students to understand the 
concept that just remember the algorithm. She stated that she would pass 
out a piece of paper to the students so they would come up with the 
concept. She would like for me to be with her during the lesson. 	  
During one of the times the Facilitator was in the Ms. Stein’s classroom, Ms. 
Stein was teaching the lesson on multiplication of fractions. The following is an excerpt 
from the Facilitator’s field notes. 	  
Ms. Stein: What is multiplication? Explain. Give an equation. 	  
Student 1: Repeated addition 	  
Student 2: Multiplication has factors and the answer is the product 	  
Ms. Stein: Now, we are going to do multiplication with fractions. What is 
a ½ of 8?	  
A student goes up to the board and groups pieces into two equal groups of 
four. 	  
Ms. Stein: The denominator represents the number of parts you are 
dividing the whole; you are dividing the whole into two parts. What 
operation did we actually do? 	  
Student: You divided the whole by two, which is the denominator. 	  
Ms. Stein: How else could we rewrite “What is a ½ of 8?” 	  
Student: 8 divided by 2, 8/2 	  
Ms. Stein: Or we can write it as 8×1/2,8/2 = 8×1/2 = 8/1×1/2when 
you multiply by a fraction, you are dividing by the whole.	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Ms. Stein wrote three problems on the board for students to answer. She gave 
them around five minutes to solve them. Most of the students were confused about what 
to do. This might be due to the fact that her explanation was not that clear. Ms. Stein 
jumped from talking about multiplication as repeated addition and then went straight to 
talking about “a fraction of a whole number” and how that was that same as multiplying a 
fraction by a whole number. After the 5 minutes were up, Ms. Stein asked a student to 
come up to the board and show the rest of the class how he solved the first exercise: 1/3 
of 21.	  The student wrote on the board his process for solving the task and explained his 
thinking. The following is brief description of the interaction between the student and 
Ms. Stein captured in the Facilitator’s field notes. 	  
The student wrote on the board: 	  









He said that he knew that there were three sevens in 21 and that he 
knew that he started with 1/3 and then if you have another one, you 
have 2/3 and if you have another one, you have 3/3. 	  
Ms. Stein: He made a connection with his prior knowledge to get 
the 7. The 21 is the whole. He used the denominator, and broke up 
each one into 1/3. 	  
She then proceeded to write plus signs in between each fraction. 
One of the students mentioned that that does not make one but she 
did not pay attention to that. I do not know if she heard him or not.	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Ms. Stein: Who did it a different way? The way that I did it on the 
board before?	  
After class, the Facilitator met with Ms. Stein to talk about how the class went. 
The Facilitator started by mentioning students knew what multiplication was. The 
Facilitator proceeded to revisit what the student did on the board as a way to model how 
Ms. Stein could have handled the situation, as well as to show where her mistake was. 
The following is an excerpt of the Facilitator’s field notes. 	  
I said that I thought the student was thinking about the following 
visual model: 1/3 of 21 (see Figure 6).  
 
That he was thinking that he had 21 items and since he needed a 
1/3, he divided the 21 items into 3 groups. So he knew that each 
equal group had 7 items. He also was thinking that each equal 
group corresponded to 1/3 of the whole, where the whole was the 
21 items. That is why he was writing 1/3 2/3 3/3. He was adding 
them without showing how he was using repeated addition. After 
our talk, it seemed that she understood what the student was trying 
to say. During class, and before our talk during lunch, it she 
seemed that she thought the student was doing repeated addition 
and was going to do it 21 times, that is, add 1/3, 21 times.  
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That is why I proceeded to show her another visual model that 
represented adding 1/3, 21 times (see Figure 7).   
I told her, imagine that you have 21 cookies and you divide each 
cookie into 3 equal parts and you just one 1/3 of each cookie. So I 
showed her the following visual model. I told her that you had 21 
same wholes and that each whole was divided into 3 parts. So 
therefore, if you want 1/3 of each whole (cookie), then you could 
multiply 1/3 by 21 (1/3 X 21) or add 1/3, 21 times. So even though 
the answer was the same, there could be several strategies that a 
student can use to solve this problem. 	  
A third way was for students to just divide 21 by 3, knowing that 
1/3 represents that the division of the whole by 3 parts, just as she 
explained it during class. 	  
 
Figure 6. Visual model 1/3 of 21 
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Figure 7. Visual model adding 1/3 twenty-one times 
 
One day during lunch, Ms. Stein and the Facilitator talked about the pizza 
problem, see Figure 8. 	  
 
Figure 8. Pizza Problem 
	  
Ms. Stein mentioned that she gave this problem to the students for homework and 
that by looking at their work, she realized that most of the students were still confused 
about the problem. Ms. Stein also mentioned that she was also confused about what the 
problem was asking. Ms. Stein proceeded to solve the problem just as her students would. 
The following is an excerpt of the Facilitator’s field notes.	  
On the handout paper, she started dividing each pizza into 5 
sections. She mentioned that each section corresponds to 1/5. So if 
there are 5 persons, each person will get 1/5 of each pizza. So 
altogether, each person will get 3/5. I then asked her to explain 3/5 
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of what. She said that each person would get 3/5 of the 3 pizzas. I 
told her than if that was the case, then if you give 3/5 to each 
person out of the 3 pizzas, then you wouldn’t have enough. She 
then said that 9 slices out of 15 slices corresponds to 3/5 of the 
three pizzas, and therefore, there would not be enough pizza for 
everyone. So that it’s why the 3/5 corresponds to one pizza. Even 
though she realized why the whole should be one pizza, she did not 








. She was able 
to do so because she mentioned that each 1/5 was the same size 
and you were able to add the three 1/5. She was still a little bit 
confused about the 3/5. I explained that if there are three pizzas, 
and since each pizza had the same area and shape, in other words, 
congruent, then each 1/5 was the same size, since it corresponded 
to similar wholes. After a while of thinking about it, she 
understood the problem. She then came to realize why Part B had 
“3 divided by 5”, meaning that “3 pizzas divided by 5 people” 
which is the same as 3/5. She then made a connection between the 
previous representations and “1/5 of 3 pizzas” which also equaled 
to 3/5. She had made a connection between all of them and now 
wanted the students to do so. She felt more comfortable now 
teaching it to the class. 	  
 The Facilitator had the opportunity to work with a group of students on the pizza 
problem. The Facilitator observed that students need time to think about a problem and 
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that students have different ways of solving problems and the teacher does not recognize 
that or take it into consideration. 	  
One student said that she wanted not only draw the pictures of the 
3 pizzas, but also draw the 5 people, so she could divide the pizzas 
to the 5 persons. Another student said that it would be easier for 
him if he did that also. When the teacher came to our group and 
saw one student drawing people, she, in an angry voice, said to 
me, “see what they are doing? That is not the problem.” The 
student looked perplexed and immediately, in his defense, I told 
her that he was drawing the 5 persons of the problem. She then 
looked pleased. 	  
On a day when students were doing an individual assessment, Ms. Stein asked the 
Facilitator for help on a problem. Ms. Stein mentioned that she had not done it 
beforehand. 	  
John is going to run 3 miles. The first mile, John runs it in 5 
minutes. Every mile after that, John runs it in ¾ of a minute more 
than the previous mile. How long does it take John to run the 3 
miles? Bonus: How many seconds? Use the five-step problem 
solving method.	  
Ms. Stein read the problem once and then had to read it again. She started 
drawing a line segment and divided it into three sections. She labeled the first tick mark 
as the first mile, and so on. Ms. Stein read the problem again. Ms. Stein mentioned that 
the first mile was done in five minutes. Then she read the sentence that talked about the 
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¾ of a minute more for each mile. She asked the Facilitator if the next mile would be 
done in 5 ¾ minutes. Then Ms. Stein stated that the last mile was 5 ¾ + ¾ = 6 ½. She 
then proceeded to add 5 + 5 ¾ + 6 ½ = 17 ¼. After doing this, it seemed that Ms. Stein 
felt surer about how to do a discussion with the group around the problem. While Ms. 
Stein was doing the discussion with the group, she had the sheet of paper where she 
solved the problem with her. At the end of class, the Facilitator had a conversation with 
Ms. Stein about the importance of solving the problems beforehand. Ms. Stein stated that 
she did not have time to do so due to the heavy administrative load that she had with 35 
students. The Facilitator also mentioned the importance of problems being clear and 
understood by students. 	  
During another of Ms. Stein’s mathematics class, she was reviewing a homework 






















. . Ms. 
Stein explained to her students that they needed to use BODMAS to find the answer. She 
explained to them that BODMAS meant “Brackets, Orders, Division, Multiplication, 
Addition, and Subtraction.” Ms. Stein was not able to specify what brackets meant, or 
that what “orders” represented, and was not able to specify that division and 
multiplication should be done from left to right. Some of the students seemed confused; 
either this was the first time that she actually introduced the term BODMAS, or the first 
time they had seen order of operations. A student sitting next to the Facilitator said to her 
that he used PEMDAS when solving it. When Ms. Stein was solving the problem on the 
board, she seemed confused on how to explain it to the class. Ms. Stein told the class that 
they had to do what was in the parenthesis first. After that, she told them that they should 
do the subtraction and then the multiplication. Ms. Stein was not sure about this. She 
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asked the Facilitator, who was sitting at the back of the room, if she was correct. The 
Facilitator told Ms. Stein that multiplication should be done first and then subtraction. 
Ms. Stein proceeded to finish the problem on the board. 	  
Management of homework (HW) assignments. During one of the conversations 
Ms. Stein had with the Facilitator, Ms. Stein commented that she wanted to review the 
homework sheet or review the weekend assignment. Every Monday, students get a 
homework sheet that has the homework for every area for the whole week. Students are 
supposed to do the homework on either their HW notebook or the area notebook. She 
commented that she does not have the time to look at each of the HW problems of all the 
students but thought that it is very important to do so. She also noted that students are not 
doing the homework and that she does not want to keep them during the recess to do so, 
because she wants that time for herself. Ms. Stein said that she did not know how she 
could over the HW sheet with the students. The Facilitator suggested that since there 
were five problems, Ms. Stein could assign each group (there are six groups of students 
in her class) one problem and have them solve it using the five-step problem solving 
strategy on a piece of chart paper and then present to the rest of the class. Ms. Stein liked 
the idea.  
The Facilitator also suggested for Ms. Stein to have some sort of rubric or 
checklist with students’ expectations for each unit, and that she could use this rubric or 
have students use the rubric for self-assessment. Ms. Stein liked the idea but she 
commented two things: that she is not good with the computer and that she is not familiar 
with doing rubrics based on standards. Ms. Stein asked the Facilitator for support with the 
design of the rubric. 	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Technology integration. During one of Ms. Stein’s mathematics lessons, the 
students were using the protractor ruler to measure and draw angles. Some of the students 
did not know how to use the protractor. Ms. Stein decided to review with her students 
how to use the protractor to measure and draw angles. Ms. Stein asked the Facilitator if 
she knew how to use the document camera and if she could help set it up. The Facilitator 
set up the document camera and showed Ms. Stein and some of her students how to set it 
up. The Facilitator also wrote an instruction sheet that was sent to Ms. Stein via email. 
When Ms. Stein was able to put the protractor on the document camera and zoomed in, 
her facial expression changed-- Ms. Stein seemed happy and excited. She also wanted to 
draw on the interactive board while projecting. Since that was not possible, the Facilitator 
mentioned that she could probably just slide a blank sheet of paper under the protractor 
and then she could just draw on the sheet of paper and it would be projected. Ms. Stein 
“ran” towards the back of the room to get a sheet of paper and continued with her class. 
During the rest of the session, Ms. Stein seemed more relaxed, excited about teaching. 
The students were all paying attention-- it seemed that they were also excited about the 
technology.  
At the end of the class, while Ms. Stein was walking her students to the cafeteria, 
she had a conversation with the Facilitator about the document camera and her plans for 
next week’s class. Ms. Stein stated that she could use the document camera for the 
introduction of content in different subject areas. 	  
The bridge activity. Ms. Stein wanted to implement the bridge activity in her 
classroom. She mentioned that the school was going to undergo a quality review. The 
bridge activity had been done during one of the after school professional development 
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sessions that Ms. Stein attended. Ms. Stein commented on how quality reviewers look for 
student-centered classrooms instead of teacher–centered ones. Ms. Stein mentioned that 
she has learned a lot with these new set of standards; that before the standards came out, 
she was more of a “giving” kind of teacher. Ms. Stein mentioned that she just “gave” 
students all of the information without letting them construct it. She said that it has taken 
her some time but now she is more open to letting students discover the learning on their 
own.  
The Facilitator and Ms. Stein met during a lunch period to plan the bridge 
activity. Ms. Stein mentioned that she has not taught volume. After looking at the unit 
standards, Ms. Stein decided to use 5.MD.3: Recognize volume as an attribute of solid 
figures and understand concepts of volume measurement; (a) a cube with side length 1 
unit, called a “unit cube,” is said to have “one cubic unit” of volume, and can be used to 
measure volume; and, (b) a solid figure which can be packed without gaps or overlaps 
using n unit cubes is said to have a volume of n cubic units. 	  
For several planning periods, Ms. Stein and the Facilitator met to discuss the 
planning of the bridge task. During one of these planning meetings, Ms. Stein wanted to 
know how constructing a bridge could assess volume. The Facilitator mentioned that 
students could build the structure of the bridge, for example, rectangular prisms columns, 
using materials such as toothpicks or construction paper, and use unit cubes to determine 
the volume. Ms. Stein was having a hard time visualizing how unit cubes could be used 
to determine the volume. Ms. Stein asked the Facilitator about how students could find 
the volume using cubes if the columns were cylinders. The conversation between Ms. 
Stein and the Facilitator continued on this issue. Then Ms. Stein commented if the 
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students could find the volume using the formula. The Facilitator mentioned that in fact 
students could use both the unit cubes and the formula to determine the volume. 	  
 After several conversations around the planning of the task, it was settled that 
students would be constructing the columns using a wide variety of materials that 
students would bring from home. The students would also be constructing the “top part” 
of the bridge using toothpicks and marshmallows. The Facilitator showed the following 
image (see Figure 9)  to Ms. Stein to see if Ms. Stein wanted to use it with her students. 	  
 
Figure 9. Bridge “top part” 
 
For the bridge activity, Ms. Stein divided the task into four phases: research, 
design, building, and testing. Ms. Stein had students do some research on bridge to 
determine the various types of bridges, the types of support columns that they have, as 
well as determine the means of transportation that go across bridges. In one occasion 
where Ms. Stein was having a hard time with classroom management, she asked the 
Facilitator if she could continue the lesson. The Facilitator did so by showing different 
types of bridges on the screen and talking about them. The students then proceeded to 
work in their groups to design their bridges. For the next couple of sessions, the students 
continued working on the design and construction of their bridges. The Facilitator 
worked with a group of students during these sessions. 	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When students had finished the bridge activity, Ms. Stein had a conversation with 
her students around what went well and what they could have done better. Some of the 
students mentioned that what went well was teamwork, the construction of the bridge, 
creativity, and sharing materials. When asked about what they could do better, some 
students said that they would manage their time more efficiently, make the bridge 
steadier, and not get distracted and focus more on the task.  
The Two Case Studies: A Comparison  
What were the instructional needs of Ms. Greene and Ms. Stein throughout the 
school year? What did the Facilitator do to address those needs? How did the Facilitator 
do this? What did the in-classroom support look like? What did the outside classroom 
support look like? 	  
 The researcher suggests that a better understanding of how to support teachers’ 
instructional needs will allow educators to have a more informed perspective about the 
design and implementation of professional development programs.  This study addressed 
how the facilitator, using the Center’s Professional Development Model for Innovating 
Instruction, supported two New York City elementary schoolteachers’ instructional needs 
in the mathematics classroom. Four major findings emerged from this study:  
1. Understanding and defining the knowledge needed for teaching elementary 
mathematics is an iterative process—the case studies reveal that multiple types of 
knowledge, and further, the integration of those knowledge bases, are needed for 
successful teaching.  
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2. Elementary mathematics instruction has changed; it keeps changing and the 
degree of change is unprecedented. Experienced teachers may need continuous 
support to be able to implement these changes into their instruction.  
3. The professional development was flexible, responsive, and tailored to the real 
time needs of the teachers. The assumption that these issues could be “fixed” with 
quick, drive-by PD sessions was challenged.  
4. The role of the facilitator went beyond that of the content or pedagogical expert. 
Being embedded in the culture and reality of the school needs allowed the role of 
the Facilitator to be flexible.  
Finding 1  
What do teachers need in order to teach mathematics? Hill et al. (2005) mention that 
they need mathematical knowledge for teaching—the mathematical knowledge needed by 
instructors to be able to perform the work of teaching mathematics. Effective teaching not 
only depends on the knowledge teachers have acquired, but it also depends on how this 
knowledge is implemented in the classroom (Hill et al., 2005). Darling-Hammond and 
Bransford (2007) state that the relationship between the knowledge for teaching and the 
ability to teach is important for effective teaching. “Teachers who know a great deal 
about a topic can create classroom environments where students get to experiment and 
explore the content knowledge” (Darling-Hammond & Bransford, 2007, p. 49). 
In New York City, all students--including English language learners and students 
with disabilities-- need to be successfully prepared for life after high school (NYCDOE, 
2011). To do so, New York City teachers need to “create cognitively demanding learning 
experiences in their classroom every day” (NYCDOE, 2011, p. para. 1). During the 2012-
	  
	   146 
2013 school year, these instructional expectations required teachers and school leaders to 
adjust their instruction to understand the learning needs of all their students and “support 
them in developing the qualities and skills necessary to enroll, persist, and succeed in 
college and careers” (NYCDOE, 2012, p. para. 1). So, what knowledge did these two 
teachers need in order to design student-centered, authentic learning experiences in the 
mathematics classroom for their students?  
For these two teachers, teaching mathematics was not just knowing the concepts 
and algorithms—their knowledge had to also be framed around the school’s realities. 
Based on the literature review, in particular, drawing from Hill et al. (2005)  
mathematical knowledge for teaching framework and the school’s instructional 
expectations, the researcher identified the knowledge these two teachers needed for their 
mathematics instruction and defined it as the knowledge for innovating mathematics 
instruction. The knowledge for innovating mathematics instruction is the mathematical 
knowledge needed by teachers to create student-centered, authentic learning experiences 
in the mathematics classroom. Using the Center’s Professional Development Model for 
Innovating Instruction design component as a framework, the Facilitator organized the 
knowledge for innovating mathematics instruction into four categories— mathematical 
pedagogical content knowledge, mathematics content knowledge, authentic assessment 
knowledge, and technological content knowledge.  
The Center’s Professional Development Model for Innovating Instruction design 
component, engages teachers as designers of student-centered, authentic learning 
experiences through the (1) embrace of a design approach which entails modeling and 
supporting a backwards design approach to project planning that creates meaningful 
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learning experiences for students; (2) enrichment of content knowledge which provides 
opportunities for deepening teachers’ understanding of content, including cross-curricular 
connections, learning standards, and student misconceptions; (3) integration of 
assessment practices which facilitate the design of authentic assessment and data use to 
identify and respond to student needs; and, (4) leveraging of digital tools which teaches 
the integration of digital tools as part of the design process to facilitate interactive student 
learning and to enrich content.   	  
Mathematical pedagogical content knowledge. Teachers need pedagogical 
content knowledge for teaching mathematics. Pedagogical content knowledge is the 
“subject matter knowledge for teaching” (Shulman, 1986, p. 9) which also includes “an 
understanding of what makes the learning of specific topics easy or difficult; the 
conceptions and preconceptions that students of different ages and backgrounds bring 
with them to the learning of those most frequently taught topics and lessons” (Shulman, 
1986, p. 9). 
In New York City, teachers are expected to design and implement Common-core 
aligned units (NYCDOE, 2012). This design includes not only the curriculum revisions, 
but also the design of performance tasks and analyses of student work to inform 
instruction and make adjustments to curriculum, assessment, and instruction. These two 
New York City teachers needed support in embracing a design approach to meet the 
city’s instructional expectations.  
For this study, mathematical pedagogical content knowledge was defined as the 
knowledge needed to design and implement student-centered, authentic learning 
experiences in the mathematics classroom aligned to all students’ needs. This 
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mathematical pedagogical content knowledge, as seen in Table 4, included setting up the 
classroom as a space for student inquiry, thinking from a learner’s perspective, 
understanding students’ prior knowledge, analyzing student work, and differentiating 
learning. It also included adequate classroom management and rigorous instruction—
instruction aligned to learning objectives. Mathematical pedagogical content knowledge 
also included the use of mathematical tools in the classroom. Finally, mathematical 
pedagogical content knowledge included the use of a backward design approach 
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Table 4  











Adequate classroom management  
 
Organizing the classroom and 
managing students’ behavior 
for effective instruction.  




Understanding what students 
know and do not know, as well 
as misconceptions that they 
may have, before, during, and 
after instruction (Darling-
Hammond & Bransford, 2007; 
Shulman, 1986).  
Space for student inquiry Providing a space for student-
centered lessons where students 
can share their experiences to 
make sense of mathematics. 
Differentiated learning Providing alternate ways to 
deliver content based on the 
students’ needs. 
Thinking from learner's perspective   Listening to students and 
thinking from the learner’s 
perspective to consider what it 
takes to understand a 
mathematical idea for someone 
seeing it for the first time (Ball 
et al., 2005; Hill et al., 2005).  
Rigorous instruction Carrying out instruction based 
on the desired results of the 
lesson, unit, and/or project.  
Use of backwards design approach   Using the backward design 
approach when planning 
lessons, units, and/or projects 
(Wiggins & McTighe, 2005).  
Use of mathematical tools Appropriate use of a wide 
variety of mathematical tools, 
such as measurement tools and 
manipulatives. 
Curriculum mapping  Designing Common-core 
aligned units of study 
(NYCDOE, 2012).  
Analyzing student work  Analyze student work to adjust 
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Mathematics content knowledge. The NYCDOE instructional expectations 
(NYCDOE, 2012) require all students to be fluent in mathematics, be able to apply it, as 
well as understand it conceptually. For that reason, New York City teachers need content 
knowledge for their discipline. But teachers’ content knowledge needs to go beyond 
knowing the facts and concepts of a domain; it also needs to includes the understanding 
of the structures of the subject matter (Shulman, 1986), examining and understanding 
unusual solution methods when solving problems (Ball et al., 2005), how it is used in 
other professions or occupations (Shulman, 1986), among others. Unfortunately, the 
literature shows that many teachers are not capable of delivering conceptual explanations 
for the tasks they carry out inside the classroom due to their lack of understanding of the 
domain knowledge (Mewborn, 2001). 
For this study, mathematics content knowledge was defined as the knowledge 
needed to explain, interpret and apply the mathematics curriculum in the classroom. As 
seen in Table 5, this included mathematical representations, mathematical verbal ability, 
knowledge of mathematics curriculum, mathematical reasoning, extending content 
exploration, computation, understanding of mathematics curriculum, and unpacking the 
standards.  
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Table 5  









Mathematical representations   Using visual representations 
and notation of mathematics 
concepts effectively (Ball et al., 
2008; Hill et al., 2005).  
Mathematical verbal ability Using correct mathematical 
language and terminology (Ball 
et al., 2008; Hill et al., 2005).  
Knowledge of mathematics curriculum Knowing the facts and 
concepts of the Common Core 
State Standards for 
Mathematics (Shulman, 1986). 
Mathematical reasoning Explaining and justifying one’s 
mathematical ideas (Ball et al., 
2008).  
Extending content exploration   Being able to make authentic 
real world applications of the 
mathematics content (e.g., 
interdisciplinary connections 
between mathematics and other 
disciplines) (Shulman, 1986).  
Computation Being able to solve 
mathematical problems 
correctly (Ball et al., 2008; Hill 
et al., 2005). Being able to 
provide students with common 
algorithms (Hill et al., 2005). 
Being able to examine and 
understand unusual solution 
methods when solving 
problems (Ball et al., 2005).  
Understanding of mathematics 
curriculum 
Understanding the big 
mathematics ideas 
conceptually.   
Unpacking the standards.  Identifying the big ideas, 
understandings, knowledge, 
and skills) (Ball et al., 2008; 
Wiggins & McTighe, 2005). 
 
Authentic assessment knowledge. The NYCDOE instructional expectations 
(2012) require that “all students will engage in more challenging assignments that will 
accelerate their learning, deepen their conceptual understanding, and strengthen their 
ability to use textual evidence in writing and discussion” in mathematics and in literacy. 
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For this study, authentic assessment knowledge was defined as the knowledge needed to 
design standards-aligned assessments to understand students’ mathematical thinking and 
to inform instruction, as shown in Table 6.  
In order to help teachers integrate authentic assessment practices into their work, 
the Facilitator presented authentic assessments as purposeful and targeted—aligned to 
learning objectives.  It was also explained that authentic assessments could be used for 
either summative or formative accountability. Authentic assessments were also aligned to 
the Common Core State Standards for mathematics. Authentic assessments were also 
project-based, interdisciplinary, as well as student-centered. Finally, authentic 
assessments were assessments where expectations for students were clear and defined 
(i.e., rubrics).  
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Table 6  





As Perceived In Description  
Authentic assessment 
knowledge   
 
Purposeful/targeted Designing assessments aligned 
to desired results of the lesson, 
unit, and/or project (Wiggins & 
McTighe, 2005).  
Rubric development Designing rubrics where 
expectations for students were 
clear and defined.  
As a means of summative accountability Designing assessments where 
the focus is the outcome.  
As a means of formative accountability Designing assessments where 
the focus is the understanding 
of students’ mathematical 
thinking.  
Authentic approach to assessments Designing assessments based 
on students’ needs, prior 
knowledge, and/or interests. 
Aligned to the CCSSM Designing standards-aligned 
assessments.  
Interdisciplinary Designing interdisciplinary 
assessments (e.g., STEM).  
Project-based  Designing hands-on interactive 
projects.  
Student-centered Designing assessments where 
students are knowledge 
builders (Scardamalia & 
Bereiter, 2006).  
 
Technological content knowledge. Teaching is a complex practice that requires 
the connection between different kinds of knowledge. According to (Ball & Forzani, 
2011),  skillful teaching also involves the strategic employment of technology. Adequate 
integration of technology requires for teachers not only to understand the technology, but 
they also need to understand how technology supports the curriculum and instructional 
practices (Wenglinsky, 2005). 
In order to leverage the use of technology tools in the mathematics classroom, the 
researcher defined technology content knowledge as not only having knowledge of the 
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technology tools and being able to use them (i.e., operate them), but also knowing how to 
integrate technology into their curriculum as a way to deepen students’ knowledge and as 
a form for formative assessment (see Table 7).   
Table 7 









Knowledge of technology tools  Knowing how the technology 
tool functions (Mishra & 
Koehler, 2006).  
Use of technology  Using technology comfortably 
to develop skills and support 
content knowledge 
(Wenglinsky, 2005).  
Integration of technology   Using technology to deepen 
content and/or assess 
understanding.  
 
When designing professional development interventions, what teachers need in order 
to teach mathematics needs to be understood and defined. By using the Center’s 
Professional Development Model for Innovating Instruction’s design component as a 
framework, the Facilitator was able to use the literature on knowledge for teaching 
mathematics and the school’s instructional expectations to establish and define the 
knowledge for innovating mathematics instruction. This knowledge for innovating 
mathematics instruction framework was crucial for identifying teachers’ instructional 
needs and tailoring the professional development intervention for each individual teacher.  
Finding 2  
Ms. Greene and Ms. Stein are two experienced schoolteachers in New York City. 
Ms. Greene has a bachelor’s degree in Sociology and a master’s degree in Mathematics, 
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Science, and Technology-- she is a Teach for America alumna with a permanent 
certification in Elementary Common Branches. Ms. Greene has been teaching for twelve 
years—seven years as a grade-three teacher and five years as a grade-four teacher. Ms. 
Stein has a bachelor’s degree in Organizational Management and a master’s degree in 
Remedial Reading and a permanent certification in Elementary Common Branches, a 
permanent certification in Reading K-12, and an initial certification in School Building 
Leader. Ms. Stein has been teaching for 28 years in elementary schools—ten years as a 
grade-three teacher, thirteen years as a grade-four teacher and four years as a grade-five 
teacher. 
Teaching in New York City elementary schools is complex. For example, during 
the period of December 2012 and July 2013, Ms. Stein encountered a very difficult 
teaching situation when her class size doubled and she ended up with 35 students with no 
teacher assistant. The administration had told her that she would have someone to support 
her during her classes. Reasons why there was no teacher assistant were unknown to the 
researcher. Considering that her teaching style is firm and strict, she expected students to 
be quiet at all times and to behave according to the class rules. This situation made Ms. 
Stein feel constantly overwhelmed.  
 And even though both Ms. Greene and Ms. Stein have been teaching for quite a 
long time and have had their graduate degrees in education, there were new changes with 
the instructional expectations that demanded them to create cognitively demanding 
learning experiences in their mathematics classroom using the new set of standards. 
These two city’s elementary schoolteachers’ knowledge for innovative mathematics 
instruction had to be aligned to the realities of their school and classroom.  
	  
	   156 
The Center’s Professional Development Model for Innovating Instruction’s 
situate component provides learning experiences for teachers that respects them as 
professionals and adapts the learning for their particular school and situation. The situate 
component has three elements: (1) contextualize teacher learning; (2) model effective 
practice; and (3) individualize support. Using the Center’s Professional Development 
Model for Innovating Instruction’s, the Facilitator was able to use one of the situate 
component’s elements—contextualize teacher learning—to identify each teacher’s 
instructional needs based on each type of knowledge for innovative mathematics 
instruction, as shown in Table 8. Contextualize teacher learning situates the design work 
in the professional lives of teachers in order to connect deeply to the realities of teachers’ 
classrooms and their students.   
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Table 8 














Curriculum mapping  Design curriculum mapping and 
instructional materials aligned to 
content standards  
X X 
Use of backwards design 
approach  
Thinking from learner’s 
perspective  
Think from a learner’s 
perspective  
X X 
Thinking from learner’s 
perspective  
Solve mathematical exercises 
beforehand 
-- X 
Thinking from learner’s 
perspective 
Identify different problem 
strategies 
-- X 
Analyzing student work  Analyze student work X X 






Unpacking the standards  Unpack the standards (i.e., 
identifying the understandings, 
the skills, and the knowledge for 
each standard), 
X X 
Mathematical representation  Understand content (e.g., 
mathematical notation, proper 
academic language, compute 
accurately, understanding topics 
conceptually) 
X X 
Mathematical verbal ability  
Mathematical reasoning  
Computation  
Understanding of the 
mathematics curriculum 
Extending content exploration  Understand connections between 
different mathematical domains 






Interdisciplinary  Understand connections between 
different mathematical domains 











Integration of technology  Technology integration  X X 
 
Mathematical pedagogical content knowledge. Ms. Greene and Ms. Stein 
needed support with designing curriculum mapping and instructional materials aligned 
to content standards. Although Ms. Greene understood the importance of doing 
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curriculum mapping for each unit, she still needed support with doing the mapping for 
each unit, as well as with understanding what it entailed. The following narrative is an 
excerpt from the Facilitator’s field notes.  
Today I met with her during her mathematics class period—she had a free 
period. She was very interested in doing curriculum mapping for Unit 1: 
Place Value, Rounding, Fluency with Addition and Subtraction 
Algorithms of Whole Numbers… Since there had been no time to do the 
curriculum mapping for Unit 1, she wanted for me to support her with 
that… The teacher had questions about each of the components and 
wanted to make sure that she understood them correctly.  
There was an instance during the intervention when Ms. Stein wanted to 
implement a standard-aligned activity—the bridge activity—in her classroom. The 
Facilitator and Ms. Stein met during a lunch period to start planning the bridge activity by 
looking at the unit curriculum map and deciding on which standards this activity should 
be aligned.  
Both teachers also needed support in thinking from a learner’s perspective (e.g., 
understand students’ mathematical thinking) and analyzing student work. For example, 
even though Ms. Greene knew the importance of thinking from a learner’s perspective 
when designing her lessons, she needed additional support to provide differentiation to 
students that were ahead and to those students that were behind. In other instances, Ms. 
Greene needed to analyze student work to reflect on ways to correct students’ 
misconceptions. One such instance is when the Facilitator and Ms. Greene met to analyze 
one of her student’s work on doubling. Ms. Greene commented that some of her students 
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have the same problem of misunderstanding what “double” means; students thought that 
it meant, “adding two”.  
 During one of the Facilitator’s meetings with Ms. Stein, Ms. Stein mentioned that 
she gave a specific problem—the pizza problem—to the students for homework and that 
by looking at their work, she realized that most of the students were still confused about 
the problem. In the case of Ms. Stein, the Facilitator also noticed that in addition to 
analyze student work, Ms. Stein needed to solve the mathematical problems and exercises 
she gives the students beforehand, as well as identify different problem strategies. Ms. 
Stein needed opportunities to think about possible errors and misconceptions that 
students may have when solving problems, as well as think of different strategies that 
students could use to solve a problem.  
Ms. Stein mentioned that she gave this problem to the students for 
homework and that by looking at their work, she realized that most of the 
students were still confused about the problem. Ms. Stein also mentioned 
that she was also confused about what the problem was asking. For the 
administrative reasons mentioned above, Ms. Stein stated that sometimes 
she has no time to solve the problems before hand.  
And even though this process of analyzing student work, solving mathematical 
problems beforehand, as well as identifying different problem strategies was done in a 
previous professional development sessions prior to this study, during the 2010-2011 
school year, examples like this show how experienced teachers need continuous support 
with their mathematical pedagogical content knowledge. 
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Mathematical content knowledge. Ms. Greene and Ms. Stein needed support 
with unpacking the standards (i.e., identifying the understandings, the skills, and the 
knowledge for each standard), as well as with understanding content knowledge (e.g., 
mathematical representation, mathematical verbal ability, mathematical reasoning, 
computation, understanding of the mathematics curriculum.) 
With regard to Ms. Greene, there was lingering confusion about the role of the 
Common Core State Standards for Mathematics (CCSSM) and what they meant for her 
instruction. Ms. Greene needed special support with unpacking the standards—that is, 
identifying the understandings, the skills, and the knowledge of each standard. During 
one of the conversations the Facilitator had with Ms. Greene about the differences among 
understandings, skills, and knowledge aligned to the standards, the Facilitator mentioned 
that it was very important to look at each standard individually and tease out from each 
standard both the content and the skills from each standard. Ms. Greene identified a 
standard for one of the unit tasks—the McDonald’s task—and the Facilitator and Ms. 
Greene had the opportunity to unpack it.  
Ms. Greene also had confusion in terms of perceiving each standard as a “stand-
alone” item, rather than understanding that individual standards are necessary but not 
sufficient in terms of capturing all the standards addressed by a particular lesson; in other 
words, multiple standards can appear in one lesson. In the case of designing the 
McDonald’s task, Ms. Greene mentioned that a standard related to place value was not 
included and that it needed to be included. The Facilitator commented that the standards 
are not “stand alone items”--that they go hand in hand with other standards.  
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During the planning of the bridge task, Ms. Stein identified a standard from the 
curriculum map to be aligned to the task. The standard required for students to recognize 
volume as an attribute of solid figures and understand concepts of volume measurement. 
By having a conversation with Ms. Stein, the Facilitator was able to recognize that Ms. 
Stein wanted to know how constructing a bridge could provide an opportunity to assess 
students’ understanding of volume.  
In both case studies, it was seen that both Ms. Greene and Ms. Stein needed 
support in understanding content knowledge. Ms. Greene mentioned in her questionnaire 
that it was very important for students not only to remember formulas and procedures, 
but for them to understand mathematical concepts, principles, and strategies. During a 
class reflection, Ms. Greene allowed students to share their findings with the rest of the 
class. The following is a section of the transcript of the researcher’s field notes of what 
happened in the classroom.   
Ms. Greene: Look at the calories. If I ate 1040 calories, how many quarter 
pounders did I eat? Can you explain your reasoning with an argument?  
Student: Two, she used 520x2=1040.  
Ms. Greene: What if I ask you solving it using division? How can we 
explain our argument using division?  
Ms. Greene writes the following on the board 1040/520=2.  
Ms. Greene: This is a large number. If you are going to divide, look at the 
largest number and see how you can work backwards.  
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 In this one instance, Ms. Greene exhorted students to report the formula that they 
used without allowing time for the student to share his/her mathematical thinking and the 
strategies that he/she used. 
Ms. Greene also needed support with understanding the content knowledge before 
teaching it. This content knowledge involved being able to compute accurately number 
operations using different strategies, as well as understanding the topics conceptually and 
not just by rote. At times, Ms. Greene needed support with understanding the 
mathematics notations and the use of proper academic language. In one instance, Ms. 
Greene commented that she knows the algorithm of how to find common denominators 
but not necessarily what it meant conceptually. She also asked the Facilitator about a 
problem that she was having a hard time with and could not solve it: Mary gave 2/9 of 
her cookies to Matthew. Mary ate 1/3 of her cookies. She had 8 cookies left. How many 
cookies did she have at the beginning? After a discussion with the Facilitator about the 
different strategies for solving the problem, Ms. Greene mentioned that importance of 
using visual models in mathematics are very important. She was trying to do this 
algebraically (4/9x=8) but was not able to find the answer. Ms. Greene also concluded 
that if students understand what is behind the algorithm, they would understand it and 
would not forget it that easily.   
Ms. Stein also needed to go beyond knowing the algorithm to understand content 
knowledge conceptually—that is, the underlying big mathematical ideas. There were 
several instances when Ms. Stein and the Facilitator engaged in conversations about 
fractions. One of these conversations was around dividing and multiplying fractions; Ms. 
Stein wanted to know what it meant to multiply one-half by one-half, 1/2×1/2. Ms. Stein 
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mentioned that she learned division and multiplication of fractions by rote memorization. 
By working with the teachers, the Facilitator was able to identify that teachers needed to 
understand the big mathematical ideas and concepts.   
Authentic assessment knowledge. Understanding connections between different 
mathematical domains and different subject areas were two of the authentic assessment 
knowledge needs that both Ms. Greene and Ms. Stein shared during the intervention. Both 
teachers said that they needed to be able to understand the connection between the 
different mathematics domains and different subject areas. For example, when designing 
the bridge task with the Facilitator, Ms. Greene mentioned that she wanted to align the 
task to a third grade science standard because, according to her, none of the fourth grade 
science standards were applicable. Ms. Greene wanted to include standards that had to do 
with properties of objects and the use of standard and nonstandard units of measurement, 
as well as the use of appropriate measurement tools. In Ms. Stein’s case, she wanted the 
bridge task to not only focus on volume, but also focus on the different types of bridges, 
the different types of support columns, as well as the different types of transportation 
vehicles that go across bridges.  
In Ms. Stein’s case, she also required support with making expectations clear to 
students. In one occasion when the Facilitator was in Ms. Stein’s classroom, Ms. Stein 
was going over how to multiply fractions and whole numbers. After her explanation, she 
wrote three problems on the board for students to answer and gave the students around 
five minutes to solve them. Most of the students were confused about what to do. It might 
have been due to the fact that her explanation was not that clear on what students should 
do. Ms. Stein jumped from talking about multiplication as repeated addition and then 
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went straight to talking about “a fraction of a whole number” and how that was that same 
as multiplying a fraction by a whole number. 	  
Technological content knowledge. When it came to the appropriate use of 
mathematical tools, both teachers needed support with technology integration—support 
in thinking about how to integrate manipulatives and technology in a purposeful and 
meaningful manner. For example, both teachers at some instance needed technological 
support when teaching angle measurements. On one of these instances, Ms. Stein decided 
to review with her students how to use the protractor to measure and draw angles. Ms. 
Stein asked the Facilitator if she knew how to use the document camera and if the 
Facilitator could help set it up. In the case of Ms. Greene, the teacher needed the 
Facilitator to show her class how to measure angles using the protractor ruler feature in 
the interactive whiteboard.  
It is important to note, that as seen in these two case studies, integrating 
technology in the classroom seemed to not be a priority for these two teachers. The 
Facilitator believes that this could be due to several reasons. One of the reasons might be 
due to the fact that technology was limited in the school. Both classrooms were equipped 
with an interactive white board and four desktop computers. An even though there was a 
computer lab, access to it was limited due to scheduling conflicts. Laptop computers were 
also available but they were mostly used for testing preparation. Another reason why 
technology might not have been a priority for Ms. Stein could have been the 
overcrowding situation in her classroom and trying to attend to the needs of her initial 
students and the newcomer students.  
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Even though these two elementary schoolteachers have years of experience 
teaching mathematics, there is still a wide range of knowledge for innovative mathematics 
instruction needed to create cognitively demanding learning experiences in their 
classrooms every day. Teachers needed to understand and address students’ 
misconceptions, design rich and meaningful mathematics tasks, and integrate 
technological mathematical tools appropriately in their classroom. There was some 
confusion about the standards and what they meant for their instructional expectations. It 
was clear that teachers needed to understand the mathematical big ideas conceptually—
and not just rely on the mathematics knowledge they learned by rote.  
Elementary mathematics instruction has changed and it will continue changing. 
Experienced teachers, like these two teachers, need continuous support to be able to 
implement these changes into their instruction. Their knowledge for innovating 
mathematics instruction needed to be aligned not only to the realities and context of the 
school, but also to the realities and context of each teacher’s classroom. Using the 
Center’s Professional Development Model for Innovating Instruction’s, the Facilitator 
was able to use one of the situate component’s elements—contextualize teacher 
learning—to situate the design work of the professional development in the professional 
lives of teachers.  
Finding 3  
These two teachers needed knowledge for innovating mathematics instruction to 
create cognitively demanding learning experiences in their classroom every day. And in 
the constantly changing world of the New York City Department of Education, this 
knowledge for teaching shifts often and is based on a new set of state standards, new city 
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instructional expectations, new types of standardized assessments, new teacher evaluation 
system, and new curriculums. According to the New York City Citywide Instructional 
Expectations for 2012-13 (NYCDOE, 2012), “NYS grades 3-8 exams will evolve to align 
to the Common Core; the results of these tests contribute to a significant portion of the 
points on the Progress Report for elementary, middle, and K-8 schools.” In mathematics, 
the new assessments will focus on using mathematical thinking for solving problems. 
These tests will include more multi-step items. Instead of focusing on mathematical 
vocabulary, these new tests will require the application of mathematical skills based on 
conceptual understanding. Students will also be required to choose mathematical tools 
appropriately and apply the concepts using them. To address these requirements, teachers 
needed to design two common-core aligned units in mathematics. Two such units were 
Ms. Greene’s McDonald’s task and Ms. Greene’s and Ms. Stein’s Bridge Task.  
Using the Center’s Professional Development Model for Innovating Instruction’s 
two elements of the situate component—model effective practice and individualize 
support—the Facilitator was able to tailor the professional development intervention to 
support each teacher individually with the knowledge for innovating mathematics 
instruction. As mentioned earlier, the situate component provides learning experiences 
for teachers that respects them as professionals and adapts the learning for their particular 
school and situation. Model effective practice provides interactive, hands-on professional 
development that engages teachers and models project-based learning with available tools 
and resources. Individualize support meant that the facilitator co-constructs project plans 
based on student and curricular needs, provides ongoing support for classroom 
implementation, and facilitates reflection on teaching and learning. In order to support 
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each teacher individually with the knowledge for innovating instruction needed in their 
mathematics classroom, the Facilitator provided both in-classroom supports and outside 
the classroom support, based on the teachers’ instructional needs.  
From December 2012 through July 2013, the Facilitator was at the school site on 
Mondays and Tuesdays—23 days working with Ms. Greene and 29 days with Ms. Stein. 
The Facilitator also met with the teachers during four two-hour after school professional 
development sessions and five seven-hour summer professional development sessions.  
In the 23 days that the Facilitator worked with Ms. Greene at the school, the 
Facilitator was in Ms. Greene’s classroom during class time in 16 occasions, which 
totaled 14.5 hours. The Facilitator met with Ms. Greene in 20 occasions during 
preparation meetings amounting to approximately 8.2 hours. In the nine after school and 
summer professional development sessions, the Facilitator met with Ms. Greene during 
43 hours. In summary, the professional development support that Ms. Greene had from 
the Facilitator totaled approximately 65.7 hours. During these 65.7 hours, there were 120 
instances that Ms. Greene received either in-classroom or outside-classroom support by 
the facilitator: 70 instances for in-classroom support and 50 instances for outside-
classroom support.  
In the 29 days that the Facilitator worked with Ms. Stein at the school, the 
Facilitator was in Ms. Stein’s classroom during class time in 22 occasions, which totaled 
approximately 17.8 hours. The Facilitator met with Ms. Greene in 19 occasions during 
preparation meetings amounting to approximately 15.3 hours. In the nine after school and 
summer professional development sessions, the Facilitator met with Ms. Greene during 
43 hours. In summary, the professional development support that Ms. Greene had from 
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the Facilitator totaled approximately 76.1 hours. During these 76.1 hours, there were 121 
instances that Ms. Stein received either in-classroom or outside-classroom support by the 
Facilitator: 28 instances for in-classroom support and 83 outside-classroom supports.    
In-classroom support. The in-classroom support included the following 
activities: (1) the Facilitator lead teaching or co-teaching with the classroom teacher; (2) 
the Facilitator working with group of students on assignments; (3) the Facilitator 
mentoring or coaching the teacher with mathematics content knowledge and pedagogy; 
and, (4) the Facilitator assisting the teacher with technology as a technology specialist. 
When the Facilitator lead taught or co-taught a lesson in the classroom, worked with 
group of students during class, mentored or coached the teacher during class time, or 
assisted with technology, it supported teachers with acquiring knowledge for innovating 
mathematics instruction. This type of in-classroom support provided teachers with 
opportunities to acquire mathematical pedagogical content knowledge, mathematics 
content knowledge, authentic assessment knowledge, and technology content knowledge, 
as shown in Table 9.  
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An example of this kind of support is the time when the Facilitator came into the 
classroom and Ms. Greene was implementing the bridge activity. Ms. Greene mentioned 
to the Facilitator that she wanted students to explore two geometric shapes—the triangle 
and the square—to determine which shape was the strongest for building purposes. Ms. 
Greene asked the Facilitator if she could explain to the students this section of the project 
since she was not sure how to explain it to her students. This experience provided Ms. 
Greene with a better understanding of the attributes of these two geometric shapes.   
There was another instance in Ms. Greene’s classroom where the Facilitator led 
or taught the class—such is the case of showing the class how to measure angles. During 
her instruction, Ms. Greene asked the Facilitator if she could explain to her students how 
to use the protractor ruler on the interactive whiteboard, since she did not know how to 
do so. Ms. Greene discussed that by having the Facilitator assist the teacher with 
technology, it modeled how to create a space for inquiry for students. 
I think a lot of that did come from watching you, you know I love how 
you have a blank, “I-don’t-know” stare when you ask them a question 
(Ms. Greene, 2013).  
Ms. Greene concluded that students create understandings based on their prior 
knowledge, as well as from their misunderstandings. That is why Ms. Greene mentioned 
that the questioning technique used by the teachers is so important.  
And that has to do a lot with questioning too, and understanding how the 
order of questions to ask, and to not jump right into things, and too really 
ask what I might consider a really basic question but that might be at the 
really basis (Ms. Greene, 2013). 
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Ms. Greene discussed that her use of the interactive board came a lot from 
observing the Facilitator model the use of the tool in the classroom. She believes that 
using technology should be with the purpose of supporting students with their learning. 
She considers technology could be used to revisit authentic student responses, not 
something made up. She does this by revisiting old interactive whiteboard lessons and 
having conversations in the classroom on what was done in other units. She also stated 
that she was more purposeful than before in how she used the interactive board in her 
classroom with her students. With it, she created a learning environment for students to 
share their responses; a space where students could talk about what they’re thinking. 
When it comes to technology, Ms. Greene states,  
For children and adults, I feel that modeling, and maybe it's just my own 
learning style, but it is, is the best way to learn something is to practice 
it… and the best way to practice is to first watch someone else do it, you 
know, and figure it out, if you didn't know how to do something you sit 
and figure it out, and that was a lesson to me.  
I know this tool is on here, I want to use it, I don’t know how, can you do 
this? So you model for 20 minutes how to do that and that is more possible 
for me to do the next day, or for the kids to do so (Ms. Greene, 2013). 
On one occasion, Ms. Stein was implementing the bridge activity and was having 
a hard time with classroom management. She had been trying to read a story about 
birdges and students were not being quiet. As mentioned previously, Ms. Stein faced a 
difficult situation when her class size doubled and she ended up with 35 students with no 
teacher assistant. Taking into consideration her teaching style—firm and strict—she was 
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feeling overwhelmed and decided to ask the Facilitator if she could continue the lesson. 
The Facilitator knew that the bridge activity was divided into four phases: research, 
design, building, and testing. Students had already done some research on the different 
types of bridges. In order to assess their knowledge on their research, the Facilitator 
decided to continue the lesson by searching for different types of bridges on the Internet 
and talking about them. Students were suddenly quiet for a moment but then started 
talking again. The Facilitator kept quiet and waited for them to calm down, which took a 
few seconds. The Facilitator then continued with the class discussion and students were 
sharing their findings. The Facilitator proceeded to talk about the next phase of the bridge 
activity, which was designing their bridge. The Facilitator shared with the students what 
was expected from them during this next step—students were suppose to design a support 
system for a “top” of a bridge. Students went to work in their teams while the Facilitator 
walked around the room helping them. 	  
When the Facilitator had the opportunity to work with a group of students, the 
Facilitator considered that it was an opportunity for the teachers to practice thinking from 
a learner’s perspective (e.g., understand students’ mathematical thinking.) In one of these 
instances, Ms. Greene and the Facilitator met to talk about the work that the Facilitator 
did with a group of students-- such is the case of the “doubling” problem. This 
conversation led Ms. Greene to include a “do-now” in her next lesson about doubling, 
halving, and adding two so students would see the difference between them.  
The Facilitator also had the opportunity to work with a group of students in Ms. 
Stein’s classroom. By doing so, the Facilitator observed that Ms. Stein needed support 
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with understanding that students need time to think about a problem and that students 
have different ways of solving problems.  
There were several instances when the Facilitator had the opportunity to mentor 
or coach Ms. Stein on content knowledge-- especially in fractions. This allowed Ms. 
Stein to have a better understanding of the computation, mathematical reasoning, 
mathematical representations, and mathematical verbal ability. Ms. Stein commented 
how the discussions with the Facilitator after class helped her understand the content.  
Because afterwards we spoke about the lesson itself, the content of the 
lesson, and sometimes what we would do, is to look at the coming lessons, 
and get a feedback about how it should look, and if I had a questions about 
the lesson, especially with the common core [state standards] (Ms. Stein, 
2013).  
Outside the classroom support. The outside the classroom support included: (1) 
the Facilitator designing standards-aligned instructional artifacts (e.g., assessments, 
rubrics, projects, and lessons) with the teacher using a backwards design approach; (2) 
the Facilitator working with the teacher in assessing and reflecting on student work 
which included reviewing student work, using rubrics to assess students, and using 
assessments to inform instruction; (3) the Facilitator working with the teacher in 
reviewing and/or designing the curriculum map which included unpacking the standards; 
(4) the Facilitator working with the teacher in reflecting on instructional effectiveness by 
formulating action plans to improve instruction; and, (5) attending after school 
professional development sessions facilitated by the Facilitator, as shown in Table 10.  
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When the Facilitator worked with the teachers in designing standards-aligned 
instructional artifacts (e.g., assessments, rubrics, projects, and lessons) using a 
backwards design approach, it had an impact on the teacher’s knowledge of authentic 
assessment, mathematical content knowledge and mathematical pedagogical content 
knowledge. During this experience, Ms. Greene was able to design assessments that were 
aligned to the Common Core State Standards for Mathematics.  
Ms. Greene was able to explore and use a backwards design approach when 
planning mathematics tasks. When the Facilitator asked Ms. Greene if there have been 
any changes in her instruction, she stated that the main changes were in the way that she 
plans. She recalled a task that she and the researcher and designed together, the 
McDonald’s task, and how she now uses that lesson as a benchmark on how to plan every 
lesson. Ms. Greene stated that planning is very time consuming. She said that she learned 
techniques on how to write up a lesson plan using a backwards design approach from 
watching how the Facilitator wrote up the lesson plans every time they met during 
planning meetings, as well as reflecting on the process with the Facilitator.   
I think that a lot of it though, we are not putting it the actual man-hours to 
do it, and that’s what I saw you do this year, is that, if you are asking me 
to plan this way, then yes, you need to come and hold my hand, and you 
need to be available (Ms. Greene, 2013). 
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Ms. Greene commented that by having a template for the plan, which now is 
being used by other teachers in the school, she got better at planning, establishing the 
desired results, sharing resources, and individualizing the tasks based on their students 
needs. Ms. Greene concluded that, in spite of the many templates out there, one thing she 
knows every lesson plan should have is the desired results—expectations for student 
learning. She made mention of how by doing this, teachers could focus on the big ideas 
and understanding, making it a priority for the teacher to understand what needs to be 
taught each lesson.  
This way of planning has helped Ms. Greene thinking about designing lessons not 
only for each day, but also for a longer period of time. She mentions that knowing what 
needs to be taught at the end of the week has helped her look at her class as more than a 
45-minute period. She gives an example of how planning for the bridge activity was 
successful since the project plan had a beginning, a middle, and an end. And, when she 
decided to do workbook problems afterwards, they were more meaningful to the students, 
since they now had a context.  
When the Facilitator worked with Ms. Stein in designing instructional artifacts, 
such as the bridge activity, it supported Ms. Stein’s knowledge of authentic assessment 
and pedagogical content knowledge. This process allowed Ms. Stein to design 
assessments that were aligned to the CCSSM, as well as take an authentic approach-- 
giving Ms. Stein the opportunity to explore student-centered, project-based, 
interdisciplinary assessments.  
What they need to know, what they need to do at the end of the lesson, not 
just at the end of the unit, but at the end of each lesson, were they [the 
	  
	   178 
students] able to accomplish that objective… The performance task, which 
would be the culmination of the unit, of course, that would be their hands-
on, the student-centered piece (Ms. Stein, 2013).  
When reflecting about the bridge activity, Ms. Stein mentioned how she would do 
this differently next time. Ms. Stein commented that she would focus on the theoretical 
first before having them do the construction-- by theoretical, she meant having students 
carry out discussion around how to calculate the volume of three-dimensional figures, as 
well as talk about bridges and their structures. She said that by doing so, the students 
would be more familiar when carrying out the task. She also mentioned that she would 
try and not implement the task at the end of the school year since the students were not in 
the “best” place when it came to their behavior. Ms. Stein also commented that she could 
think of better ways of integrating the science standards into the project. Finally, she said 
that she could ask students questions such as, “What do you need to cross the bridge?” 
Ms. Stein mentioned that crossing the bridge could mean different things and could be 
used both literally and metaphorically. She mentioned that “crossing the bridge” could be 
applied to their daily life and personal struggles and obstacles that they had to overcome; 
that it could be connected to physics or social studies. Ms. Stein mentioned that “crossing 
the bridge” could be applied to any area.  
During an interview with Ms. Stein, the Facilitator asked her what makes a good 
mathematics task in the classroom. Ms. Stein stated that first you need to identify the 
standard. She believed that each task should have a pre-assessment in order to know what 
needs to be taught and how to differentiate her instruction. Also, she stated, that after the 
pre-assessment, there have to be the mini-lessons, where the teacher would deliver the 
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content and then in groups, students would work on mastering the content. After the 
group work, Ms. Stein considered that students should share out their findings and reflect 
on what they did and how they did it. She stated that having the teacher pose questions to 
assess students’ knowledge of the standards and clarify any misconceptions could do this. 
She also commented that each task should have a rubric. Finally, she stated that there has 
to be a post-assessment at the end, but that formative assessments should be used 
throughout the whole process.  
The Facilitator also worked with the teachers in assessing and reflecting on 
student work, which included reviewing student work, using rubrics to assess students, 
and using assessments to inform instruction. Ms. Stein was able to acquire new 
knowledge on how to think from a learner’s perspective, as well as how to understand 
students’ prior knowledge. When the Facilitator observed Ms. Stein lead a student-
centered lesson, which involved breaking the students into workgroups at their tables to 
pursue group tasks, the Facilitator noticed that Ms. Stein had no opportunity to have 
“total control” of the class, as she was used to. Allowing students to be engaged and 
providing opportunities to communicate and learn from each other, both Ms. Stein and 
her students seemed more relaxed and the class met the desired results of the task. She 
commented that she listened more to students’ conversations to help clarify 
misconceptions. Ms. Stein also mentioned that due to the large class size, she was not 
able to differentiate on an individual level but was able to organize the students in 
homogeneous groups.  
One piece that I also think is important is looking at the students’ work, 
especially in the formative assessment as one teaches the lesson. [That is] 
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to know exactly what the students know – their prior knowledge – and to 
know now what I need to teach for that unit. And [then to] see where they 
are, what they need, what parts I need to reteach and revisit (Ms. Stein, 
2013).  
When the Facilitator had the opportunity to work with a group of students, the 
Facilitator considered that it was an opportunity for Ms. Greene to reflect on her 
instruction. In one of these instances, Ms. Greene and the Facilitator met to talk about the 
researchers observations during the morning lesson and the work with the student on 
“doubling.” Ms. Greene commented that a couple of students have the same problem of 
misunderstanding what “double” means; students thinking that it is adding two. Ms. 
Greene mentioned that she would include a “do-now” in her next lesson about doubling, 
halving, and adding two so students would see the difference between them.  
The Facilitator also supported the teachers when working with them in reviewing 
and/or designing the curriculum map which included unpacking the standards. During 
this experience, Ms. Greene was able to design assessments that were aligned to the 
Common Core State Standards for Mathematics. Ms. Greene mentioned that unpacking 
the standards horizontally and making connections with other mathematical domains and 
different content areas is "what makes a smart mathematician in the world." 
I definitely think that I have a better understanding from grade to grade, 
and also within the grade, looking at how the different strands relate to 
each other, and so again, it’s like you can’t just think about just teaching 
geometry, because when you are teaching geometry you are teaching 
algebra, you are teaching measurement (Ms. Greene, 2013). 
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Ms. Greene commented that the work with the Facilitator provided support with 
understanding the standards from a learner’s perspective and from student’s prior 
knowledge to design her lessons.   
So if I have a fourth grade student not understanding a fourth grade 
measurement standards, I need to look at the second and third grade 
standards to see what needs to be retaught or understood (Ms. Greene, 
2013). 
Ms. Greene mentioned that looking at all the standards could be very 
overwhelming. But if there is a template for the lesson plan, then there is a 
section for the standards, and she could have the opportunity to align each 
lesson to few standards, making the process of teaching the standards 
more amenable. She believes that standards help you prioritize what you 
teach. For example, in the bridge activity, she could have chosen every 
standard. Ms. Greene believes that the planning process is about choosing 
the correct standard, one or two, and determining from there what you 
need to assess.  This process, she mentions, comprises unpacking the 
standards, looking at them vertically to understand where to build on. She 
even comments how she downloaded the standards app on her phone and 
how it was something that she said she would never do.  She comments 
that these new set of standards are not drastically different from the past 
ones. The one thing that she states is that in order to use these standards, 
not only you need to have a better understanding of the standards across 
grades, but also across domains.    
	  
	   182 
Ms. Stein reflected that you need the curriculum map to know for how long you 
need to plan each project. She also considered teachers need to work collaboratively with 
teachers from the same grade level or across grades when planning a project. She 
mentioned that planning vertically with the other grades is helpful because you know 
what students should have learned before.  She also states that the project plan is not set 
in stone and you should be able to tweak it as you go along. She also comments that 
looking at students’ work, as a team of teachers is very important.  Ms. Stein believes that 
the more teachers you have on your team, the faster it would be to carry out these tasks.  
The Facilitator also provided support by working with the teachers in reflecting 
on instructional effectiveness by formulating action plans to improve instruction. There 
were several instances when the Facilitator had the opportunity to mentor or coach Ms. 
Stein on content knowledge—especially in fractions. This allowed Ms. Stein to have a 
better understanding of the computation, mathematical reasoning, mathematical 
representations, and mathematical verbal ability. Ms. Stein commented how the 
discussions with the Facilitator after class helped her understand the content.  
Because afterwards we spoke about the lesson itself, the content of the 
lesson, and sometimes what we would do, is to look at the coming lessons, 
and get a feedback about how it should look, and if I had a questions about 
the lesson, especially with the common core (Ms. Stein, 2013).  
Ms. Stein commented that the support by the Facilitator was also in the form of 
reflecting on the content and pedagogy of the lesson, and getting feedback from the 
Facilitator on instruction. She said that it was especially helpful when she had questions 
about the standards.  
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What the standards look like, and what the exact content looks like, 
because there were so many shifts from the past, and what they were 
expecting now, and some of it I was not clear as to what it should look like 
(Ms. Stein, 2013).  
Finally, both Ms. Stein and Ms. Greene attended 43 hours of after school 
professional development sessions—four two-hour after school session during the school 
year and five seven-hour summer sessions. Both types of afterschool sessions were 
designed and facilitated by the Facilitator and the Center’s professional development 
team. The sessions included technology infused STEM performance tasks aligned to the 
Common Core State Standards for Mathematics (CCSSM), the NY State Science 
Standards, and the NYC DOE Instructional Expectations.   
In these sessions, teachers explored mathematical pedagogical content knowledge, 
mathematical content knowledge, authentic assessments, and technology integration with 
other elementary teachers from different urban public schools. Teachers had the 
opportunity to be engaged in discussions around challenges the students face when trying 
to solve mathematics problems. Teachers also were able to explore classroom activities to 
deepen content knowledge in mathematics and science. Teachers had to work 
collaboratively when exploring hands-on projects and when designing standards-based 
instructional artifacts using a backward design approach. Teachers explored the Common 
Core State Standards for Mathematics by unpacking them. Teachers studied the city’s 
instructional expectations and new evaluation system. Teachers employed different 
technology tools that would support deepening student understanding, as well as 
formatively assessing them.  Teachers reflected on how knowing common 
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misconceptions, as well as what students need to know, can help make differentiation of 
instruction much more effective.  Teachers elaborated progressions of knowledge and 
skills in mathematics across grades. Teachers reflected on how they could implement the 
session projects and activities in their classrooms.  	  
The professional development support for these two experienced New York City 
teachers needed to be individualized and aligned to each teacher’s instructional needs and 
taking into consideration the constant changing realities of the citywide instructional 
expectations. Using the Center’s Professional Development Model for Innovating 
Instruction’s two elements of the situate component—model effective practice and 
individualize support—the Facilitator was able to tailor the professional development 
intervention for each teacher by in-classroom supports and outside the classroom support 
based on the teachers’ instructional needs. By doing so, these two New York City 
teachers were able to acquire some of the knowledge of innovating mathematics 
instruction needed to create cognitively demanding learning experiences in their 
classroom every day.  
The knowledge of innovating mathematics instruction that these two teachers need 
in their mathematics classroom today might be different from what they will need 
tomorrow. The learning process for the acquisition of new knowledge of innovating 
mathematics instruction cannot be predicted with the Center’s Professional Development 
Model for Innovating Instruction, but can lead to multiple ways of supporting teachers’ 
instruction depending on the teachers’ needs and interests.  
Finding 4 
Professional development should have an  
	  
	   185 
emphasis on what is happening in the day-to-day life of participants in 
those systems helps make visible the structural and historically existing 
contradictions inherent in complex activity systems, like schools, and 
refocuses our analytical lens and objects of design. Studying the “social 
life of interventions” moves us away from imagining interventions as 
fixed packages of strategies with readily measurable outcomes and toward 
more open-ended social or socially embedded experiments that involve 
ongoing mutual engagement (Gutierrez & Penuel, 2014, p. 20).  
These teachers had substantial needs and required support aligned to their needs, 
as well as the needs of the school community. Because of the needs of the school, the 
professional development work was restructured to focus more on these two classrooms 
instead of working with a larger group of teachers only during preparation meetings, like 
in previous years. This professional development intervention provided teachers with the 
opportunity to enhance their content knowledge, as well as pedagogy-- by exploring their 
own understanding of mathematical concepts, as well as by exploring different types of 
assignments and assessments. The professional development activities sparked teachers’ 
interest and created opportunities to learn the content, but also to understand it.  
For that reason, it was important for the professional developer to be embedded in 
the lives of the teachers as a practitioner researcher.  It was essential that the Facilitator 
stay in the school for longer periods of time than typical professional development model 
would require, held for a few hours after school.  And it was essential that the Facilitator 
provide support both in the classroom, as well as during outside class time. 
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These two case studies show that teachers continue to develop knowledge and 
expertise through professional development. The situated nature of the Center’s 
Professional Development Model for Innovating Instruction framed the flexible role of 
the Facilitator. Situating the professional development in the school life of the teachers 
was critical. The Facilitator, even though she was not a faculty member of the school, 
was seen as part of the school team by successfully embedding herself in the school 
culture—it gave the Facilitator the additional knowledge needed to organize and direct 
intensive professional development. The Facilitator’s relationship with the teachers was 
one of mutual respect and trust, empathy, and collaboration. The teachers felt 
comfortable when sharing their ideas, questions and doubts about mathematical 
instruction with the Facilitator. This allowed for meaningful conversations when 
designing instruction, enhancing content and pedagogy, and reflecting on instructional 
effectiveness.  
Throughout the intervention, the Facilitator was responsive to the teachers’ 
instructional needs in real time, as demonstrated in the field notes of in-classroom and 
outside-classroom support. It shows that having an expert in content and pedagogy in the 
school for longer and constant period of time supported teachers’ knowledge and 
confidence when addressing mathematics. 	  
Ms. Greene, during the July 2013 interview with the Facilitator, commented that 
she was very pleased with the support she received from the Facilitator during the 
academic year 2012-2013. She mentioned that during the 2012-2013 school year, the 
professional development not only included outside of the school workshop sessions, but 
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that it also included the development and implementation of lesson plans and new 
mathematics tasks. 	  
You do whatever was asked. I feel that there were times that it was like I 
am having a hard time teaching a concept to a child and then working 
directly with the child, or I need a resource to teach this, or how do I use 
this on the Promethean board (Ms. Greene, 2013). 	  
During Ms. Stein’s interview at the end of the study, one of the first things that 
she mentioned about the 2012-2013 school year is the frequency that the researcher was 
at the school. She mentioned that in previous years, the professional development was 
more centered on working with the teachers, whereas this last year it also had a 
component of being inside the classroom more. Ms. Stein stated that the Facilitator’s 
support in the classroom was based on the teacher’s needs.  
Ms. Greene also recalled that in 2012-2013 there was more time for working in 
the classroom with the facilitator. 	  
And also a lot of hands-on help, pushing into the classroom, I felt that it 
was more this year, both with working with the students and working with 
me directly.  (Ms. Greene, 2013). 	  
Ms. Greene stated that the Facilitator support became a weekly expectation. The 
facilitator became a resource that was physically there and not just through email.	  
This was a weekly expectation that I knew I will see you and could count 
on you being there, again, both if there was something specific with a 
student that I was needing help with or my own lesson plans and task and 
know that you were a resource that was there (Ms. Greene, 2013). 	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Ms. Greene also mentioned that the process of understanding the standards takes 
time and that is why the importance of having support of the Facilitator who understands 
them. She stated of the importance of having this kind of support in the classroom 
because she not only needs to understand the standards, but also manage the classroom, 
as well as teach other subject areas. 	  
That is why it was so helpful to have you physically there so that on some 
days if I’m doing something and I don’t have time to look over them for 
25 minutes, to have someone who is more familiar with them than me to 
go, “OK where do you see this?” (Ms. Greene, 2013). 	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CHAPTER 5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
This study explored how a professional developer, using the Center’s 
Professional Development Model for Innovating Instruction, supported two teachers’ 
acquisition of the knowledge needed for their mathematics instruction. Through analysis 
of detailed field notes and semi-structured interviews of two experienced elementary 
school teachers working in an urban, high-need school, this dissertation studied how the 
design and situate components of the Center’s Professional Development Model for 
Innovating Instruction can lead to multiple ways of supporting teachers’ instruction 
depending on the teachers’ needs and interests. Findings from these two case studies 
suggest that there is a need for teacher education mathematics programs—in-service and 
pre-service—to provide teachers with the knowledge for innovative mathematics 
instruction needed to create demanding learning experiences in their classrooms. This 
chapter elaborates on these results, discusses connections with other research, and ends 
with implications of these results, in terms of their immediate application and the need 
for future research. 
Conclusions 
These two case studies document how the Facilitator, using Center’s Professional 
Development Model for Innovating Instruction, supported teachers’ learning and practice 
needed to create mathematics learning experiences in their classroom. The research 
questions addressed by the case study analyses are:	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1. What knowledge do elementary teachers need to be designers of 
demanding learning experiences in their mathematics classrooms?  
2. What kind of professional development is needed to support and promote 
the acquisition of this knowledge?   
Some of the limitations of the study had to do with the nature and role of the 
Facilitator. The Facilitator had been working at the school for a period of four years. And 
while the Facilitator was not a faculty member of the school, the teachers saw her as their 
colleague and developed a personal relationship with her. Another limitation was the 
realities of the school such as new assessments, instructional expectations, and 
curriculum, as well as changes in the classroom size, as in the case of Ms. Stein.   
Research Question 1  
Teachers need to create demanding learning experiences in their classrooms—
therefore, teaching mathematics goes beyond just teaching the algorithms. Unfortunately, 
not all teachers have been provided with the support to acquire the knowledge needed to 
create these learning experiences in their classrooms every day. Such is the case of these 
two experienced elementary schoolteachers.  
There was a need for teachers to understand and address students’ 
misconceptions. There was a need for rich and meaningful mathematics tasks. There was 
a need to integrate technological mathematical tools appropriately in their classroom. 
There was some confusion about the standards and what they meant for their instructional 
expectations. There was a need to conceptually understand the mathematical content—
the mathematical big ideas—and not just know mathematics by rote.  
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Based on the literature review, the city’s instructional expectations and the 
Center’s Professional Development Model for Innovating Instruction design14 
component, the Facilitator was able to the define the knowledge for innovating 
mathematics instruction that these teachers needed to create these demanding learning 
experiences. This knowledge for innovating mathematics instruction was classified into 
four categories—mathematical pedagogical content knowledge, mathematics content 
knowledge, authentic assessment knowledge, and technology content knowledge. Using 
the Center’s Professional Development Model for Innovating Instruction’s, the Facilitator 
was able to use one of the situate component’s elements—contextualize teacher 
learning—to situate the design work in the professional lives of teachers in order to 
connect deeply to the realities of teachers’ classrooms and their students.   
Research Question 2   
The professional development support for these two teachers needed to be 
individualized and aligned to each teacher’s instructional needs, taking into consideration 
the constant changing realities of the citywide instructional expectations. The Facilitator 
was able to craft a flexible role for her work as a professional developer to support 
inquiry-based professional development while supporting teachers with their individual 
instructional needs. 
Using the Center’s Professional Development Model for Innovating Instruction’s 
two elements of the situate component—model effective practice and individualize 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14 The design component, engages teachers as designers of student-centered, authentic learning 
experiences through: (1) embrace of a design approach; (2) enrich content knowledge; (3) integrate 
assessment practices; and, (4) leverage of digital tools.  
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support—the Facilitator was able to tailor the professional development intervention to 
support each teacher individually with the knowledge for innovating mathematics 
instruction needed in her mathematics classroom. In order to support each teacher 
individually with the knowledge for innovating mathematics instruction needed in their 
mathematics classroom, the Facilitator provided both in-classroom support and outside 
the classroom support, based on the teachers’ instructional needs.  
These two case studies show that teachers were able to continue to develop 
knowledge and expertise through professional development. The situated nature of the 
Center’s Professional Development Model for Innovating Instruction, allowed the 
Facilitator flexibility in the assistance provided, based on the needs of the teacher.  
Situating the professional development in the school life of the teachers was critical. 
Discussion 
With a constant change in standards, curriculums, state assessments, teachers 
might become confused about what needs to be taught. One such case is New York City. 
The New York State Education Department adopted the Common Core State Standards 
for Mathematics in July 19, 2010 (National Governors Association Center for Best 
Practices, 2010). This new “thinking curriculum” (i.e., Common Core) calls for 
“instruction that is high in cognitive demand (conceptual learning, reasoning, explaining, 
and problem solving are engaged daily) and is embedded in specific, challenging subject 
matter” (Resnick, 2010, p. 186). Along with the new set of standards, the New York City 
Department of Education (NYCDOE) released a document with the Citywide 
Instructional Expectations for 2012-2013, which recommends that school leaders ensure 
that: (1) “teacher development focuses on supporting all students to meet the Common 
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Core standards” (Education, 2012, p. 1) and (2) “students experience Common-core 
aligned instruction across subjects” (Education, 2012, p. 1). 	  
This study sought to understand how these new changes-- the implementation of 
the Common Core standards and the new city instructional expectations-- affect 
mathematics instruction in elementary schools. In particular, by examining closely the 
practices and experiences of two teachers participating in an inquiry-based professional 
development model, it was possible to determine what knowledge for innovating 
mathematics instruction is needed in this context, and how teachers acquire this 
knowledge.  It became evident that despite having earned graduate degrees in education 
and having taught for quite a long time, these teachers still do not have the necessary 
knowledge for innovating mathematics instruction. With the constant changes in 
education, teachers need in-depth support to be prepared to teach mathematics by 
creating demanding learning experiences in their classroom every day.	  
Knowledge for Innovating Mathematics Instruction 
“Mathematical knowledge for teaching goes beyond that captured in measures of 
mathematics courses taken or basic mathematical skills” (Hill et al., 2005, p. 372). 
According to Kober & Rentmer (Initiative, 2010, p. 4), the US states who have adopted 
the CCSS must develop curriculum, materials, assessments, and instructional practices 
that are aligned to the new standards. One of the expectations is that PK-5 students will 
have the opportunity to experience a total of four Common-core aligned units: two in 
mathematics and two aligned to the literacy standards in either ELA, science, or social 
studies (Education, 2012). What teachers will be teaching in the classroom not only 
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corresponds to what it is being assessed in the standardized tests, but teachers also relies 
on a conceptual understanding of the curriculum (Ball & Forzani, 2011).	  
This study shows how the design component of the Center’s Professional 
Development Model for Innovating Instruction helped identify the knowledge for 
innovating mathematics instruction needed by these two teachers to design standards-
aligned student-centered authentic learning experiences for their students. The design 
component’s elements: (1) embrace of a design approach; (2) enrich content knowledge; 
(3) integrate assessment practices; and, (4) leverage of digital tools-- were used as 
framework to categorize this knowledge for innovating mathematics instruction needed. 
The resulting categories were: mathematical pedagogical content knowledge, 
mathematics content knowledge, authentic assessment knowledge, and technological 
content knowledge. 	  
The types of knowledge for innovating mathematics instruction under each 
category took into consideration what the research says about what mathematics teachers 
need to know. For example, effective teaching requires knowledge of pedagogy, 
knowledge of subject matter, and increasingly, knowledge of technology (Koehler & 
Mishra, 2009). High-leverage content encompasses those skills, ideas, texts, and topics 
fundamental to student learning (Ball & Forzani, 2011). This teacher knowledge not only 
consists of the knowledge of the subject matter, but it also includes the abilities of being 
able to communicate the subject matter content, engage students in learning, and create 
an environment for successful learning (Resnick, 2010).	  
The professional development also took into consideration the realities of the 
school-- in other words, took into consideration the constant changing realities of the 
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citywide instructional expectations. There was a need to understand the new set of 
standards and what they meant for their citywide instructional expectations. There was a 
need to design and implement rich and meaningful mathematics performance tasks. There 
was a need for teachers to understand and address students’ misconceptions. There was a 
need to use formative assessments in the classroom. There was a need to conceptually 
understand the mathematical content—the mathematical big ideas—and not just know 
mathematics by rote. 	  
The knowledge for innovating mathematics instruction needs to be situated in the 
lives of the teachers. It is not about only knowing the algorithms. It is not about just 
learning general strategies to teach the concepts. It is not just about knowing how to 
integrate different technology tools in the classroom. It is more than that. Knowledge for 
innovating mathematics instruction is about understanding what is expected of 
mathematics instruction and what is needed to make it happen. It is about understanding 
the mathematical big ideas—conceptually understanding the mathematical content. It is 
about using this conceptual understanding to make sense of any new curriculum that the 
school, city, state, or nation decides to adopt. It is about using this conceptual 
understanding to better understand students’ and their possible misconceptions. It is using 
student data to design instruction to address the needs of all the students. It is about using 
this information to design purposeful authentic standard-aligned mathematics 
performance tasks. It is about creating learning experiences for students to be knowledge-
builders. 	  
	  
	   196 
Professional Development  
Traditionally, professional development is a one-time event. The professional 
development that is actually available to teachers is sadly inadequate; “it is fragmented, 
intellectually superficial, and do[es] not take into account what we know about how 
teachers learn” (Borko, 2004, p. 3).  Teachers might just go to a two-hour session, or 
maybe a day-long session, at that is it. But professional development should be ongoing 
and, to great extent, embedded in the job (U.S. Department of Education, 2010). In the 
last 20 years, there is evidence that effective professional development can lead to 
improvement in both instructional practices and student learning (Borko, 2004).	  
Professional development should have an emphasis on what is happening 
in the day-to-day life of participants in those systems helps make visible 
the structural and historically existing contradictions inherent in complex 
activity systems, like schools, and refocuses our analytical lens and objects 
of design. Studying the “social life of interventions” moves us away from 
imagining interventions as fixed packages of strategies with readily 
measurable outcomes and toward more open-ended social or socially 
embedded experiments that involve ongoing mutual engagement 
(Gutierrez & Penuel, 2014, p. 20).	  
Since there is limited time for teacher training and professional development, 
teacher educators must be able to identify those core elements that are essential for 
effective teaching (Ball & Forzani, 2011). The researcher believed that a better 
understanding of how to support teachers’ instructional needs would allow educators to 
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have a more informed perspective of the design and implementation of professional 
development programs.  	  
These two case studies showed how the Center’s Professional Development 
Model for Innovating Instruction’s situate component provided learning experiences for 
these two teachers that respected them as professionals and adapted the learning for their 
particular school and situation. The professional development support for the teachers 
was individualized and aligned to each teacher’s instructional needs. Since instruction in 
the classroom had to be aligned to the district and school’s goals, Penuel, Fishman, 
Yamaguchi, and Gallagher (2007) state that teachers would commit to adopting and/or 
adapting the innovations if the professional development is congruent to their goals. 
Therefore, this professional development considered the resources, materials, and 
teaching strategies needed for supporting such innovations, as well as be aware of the 
possible implementation barriers (Penuel et al., 2007). Penuel et al. (2007) as cited in (J. 
L. Brown, 2004) also suggest that professional development of longer duration and 
greater time span will more likely provide the learning opportunities that teachers need to 
integrate knowledge to practice. These two teachers received a total of 142 hours, 
between the two of them, of professional development.	  
As seen in these two case studies, just having an expert in mathematics content 
and pedagogy in the school might not be enough. Professional developers need to connect 
deeply to the realities of teachers’ classrooms and their students. Using the Center’s 
Professional Development Model for Innovating Instruction’s, professional developers 
can contextualize teacher learning by identifying each teacher’s instructional needs and 
situate the design work in the professional lives of teachers. By modeling effective 
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practice and individualizing support, professional developers can tailor the intervention 
for each teacher and provide both in-classroom supports and outside the classroom 
support based on each teacher’s instructional needs. The Facilitator needed to be 
responsive to the teachers’ instructional needs in real time. Thus, the Facilitator had to be 
in the school for longer periods of time to provide these types of supports. Longer and 
constant periods of time could support teachers’ knowledge and confidence when 
addressing mathematics.  	  
 This study also shows how teachers can continue to develop knowledge and 
expertise through targeted and purposeful professional development. This professional 
development programs addressed teacher’s instructional needs. It was aligned to the 
needs of the teachers as well as to the needs of the school community. 	  
These two teachers needed to create demanding learning experiences in their 
classrooms. To do so, teaching mathematics went beyond just teaching the algorithms. 
These two experienced teachers needed and need continuous support with the knowledge 
for innovating mathematics instruction. This inquiry-based professional development 
allowed a flexible role of the Facilitator to support teachers with their individual 
instructional needs, taking into consideration the constant changing realities of the 
citywide instructional expectations. This professional development sparked teachers’ 
interest and created the need in not only knowing the content but also understanding it. 
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Recommendations 
“Educational reform movements in the United States and around the world are 
setting ambitious goals for student learning” (Borko, 2004, p. 3), but it is clear that  
“[i]mproving educational outcomes for young people depends on developing and 
supplying skilled instructional practices” (Ball & Forzani, 2011, p. 17).  This quality 
mathematics instruction depends on teachers’ preparation and continuing professional 
development (Adler et al., 2005).  
This study sought to have a better understanding of how teachers learn the 
mathematics that they need to teach, from what opportunities, and under what conditions. 
This process led the researcher to have a more comprehensive understanding of how 
teacher educators can improve teachers’ opportunities to learn and explore what kind of 
professional development program is needed to support and promote teacher learning.  
Knowledge for Innovating Mathematics Instruction  
“There is a need for more research beyond the ‘development of professionals’ that 
investigates the ‘experience of professional learning’ as constructed and embedded within 
authentic professional practice” (Webster-Wright, 2009, p. 713). This study allowed for 
the researcher to better understand the knowledge for innovating mathematics 
instruction– pedagogical content knowledge, content knowledge, authentic assessment, 
and technology–teachers need, as well as how they learn this new knowledge.  
Teachers nowadays are faced with high-stakes testing and new sets of 
instructional expectations. In order to be able to address each student’s educational needs, 
teachers need to have a better understanding of students’ mathematical thinking and prior 
knowledge. To do so, teachers need to design assessments that are aligned to the 
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students’ educational needs. Assessment is included in Shulman's (1986) definition of 
pedagogical content knowledge, “the subject matter knowledge for teaching” (Shulman, 
1986, p. 9) and in Ball and Forzani's construction of PCK (2011) which states that 
pedagogical content knowledge requires teachers to know their students well, “not only 
their personalities and preferences, but also their ideas about subjects and their ways of 
thinking about them, including their intellectual habits, misconceptions, and interests” (p. 
20).  The researcher decided to highlight the importance of assessment in this study by 
establishing it as a separate knowledge that teachers in urban, high-need settings need to 
acquire. Therefore, in this study, a fourth knowledge for teaching mathematics related to 
authentic assessment was identified, and was defined as the knowledge needed to design 
standards-aligned assessments to understand students’ mathematical thinking and to 
inform instruction. By doing so, the researcher was able to help teachers integrate 
authentic assessment practices into their work by aligning it to learning objectives, to the 
Common Core State Standards for mathematics, as well as student’s educational needs. 
To develop this knowledge, the teachers and the researcher also worked in designing 
project-based, interdisciplinary, as well as student-centered assessments, where 
expectations for students were clear and defined (i.e., rubrics).  
Even though the learning process of the acquisition of new knowledge for 
innovating mathematics instruction cannot be predicted with the Center’s Professional 
Development Model for Innovating Instruction, this research can lead to future research 
exploring multiple ways of supporting teachers’ instruction in authentic learning 
experiences that build on teachers’ needs and interests. This study can lead to future 
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research to determine how to continue supporting experienced teachers with acquiring 
and continuing to develop knowledge for innovating mathematics instruction.  
Teacher Education Programs—Pre-service and In-service  
It is important that educational researchers critically assess existing professional 
learning opportunities for teachers. Teacher education programs must lay the groundwork 
for lifelong learning (Hammerness et al., 2005). “Successful learning for teachers 
requires a continuum of coordinated efforts that range from pre-service education to early 
teaching to opportunities for lifelong development as professionals” (Bransford et al., 
2000, p. 205). This study shows that the knowledge for innovating mathematics 
instruction that teachers need in their mathematics classroom today might be different 
from what they will need tomorrow. This study can lead to future research on how 
teacher education programs– in-service and pre-service– can lay the groundwork for 
lifelong learning.	   
Because teacher mathematics education programs need to be aligned to the most 
recent set of standards, city and state expectations, as well as high-stake tests, pre-service 
faculty and in-service professional developers need to be connected to the realities of the 
schools. Mathematics educators need to understand how “teachers learn to draw upon and 
use their understanding of subject matter, learning, development, culture, language, 
pedagogy, and assessment in addressing concrete problems of practice” (Hammerness et 
al., 2005, p. 358). Every teacher learns about teaching in many different ways. “For 
teachers, learning occurs in many different aspects of practice, including their 
classrooms, their school communities, and professional development courses or 
workshops” (Borko, 2004, p. 4).	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For that reason, it is important for the teacher educator to be embedded in the 
lives of the teachers. Even though the teacher educator might not be doing research, he or 
she should have the characteristics of a participant observer—“an observer [that] takes 
part in the daily activities, rituals, interactions, and events of the people being studied as 
one of the means of learning the explicit and tacit aspects of their culture” (DeWalt & 
DeWalt, 2010, p. 260).  	  
Educators must educate today’s students to be knowledge builders (Scardamalia 
& Bereiter, 2006). Educators should also require that we ourselves –teachers and 
administrators and teachers of teachers and administrators—be knowledge builders and 
designers of demanding learning experiences in classrooms. It is important to have 
teacher educators who are working in schools to be sensitive to the school’s issues, who 
know how to advocate for teachers and leaders, support teacher learning communities in 
schools, and support teachers to set higher expectations for their students by also setting 
higher, genuine and authentic expectations for themselves.  The findings from this study 
suggest the need for future research on how we can support teachers and school leaders to 
be agents of change to positively impact instruction and shift the culture of mathematics 
teaching in challenging school settings.  
It is important that teacher education programs prepare teachers and school 
leaders on how to cope with change. There will always be changes—teachers and leaders 
need to keep a consistent vision of what it means to teach mathematics. Teacher 
educators (e.g., pre-service faculty, instructional coaches, professional developers) need 
to facilitate making those connections to the larger mathematical big ideas and pedagogy. 
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So no matter what changes in curriculum, standards or assessments might happen, 
teachers can relate the new to the old.  
If teachers are to prepare an ever more diverse group of students for much 
more challenging work—for framing problems; finding, integrating and 
synthesizing information; creating new solutions; learning on their own; 
and working cooperatively—they will need substantially more knowledge 
and radically different skills than most now have and most schools of 
education now develop (Linda Darling-Hammond, 1997, p. 154).	  
Professional Development Programs 
There is a need to design and evaluate innovative Common Core State Standards-
aligned professional development approaches that positively impact instruction and shift 
the culture of teaching. There is also a need for authentic professional development 
aligned to teachers’ realities and instructional needs.  
This study allowed the researcher to design an authentic professional development 
intervention using the Center’s Professional Development Model for Innovating 
Instruction by aligning it to teachers’ realities and instructional needs. Using the Center’s 
model, the researcher was able to provide teachers with the opportunity to enhance their 
content knowledge, as well as the pedagogy—by exploring their own understanding of 
mathematical concepts, as well as by exploring different types of assignments and 
assessments. This study can lead to future research on how the Center’s model could 
continue being implemented in other educational contexts, as well to determine what kind 
of support do experienced teachers need—off-site or on-site or a combination of both.  
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The situated nature of the Center’s Professional Development Model for 
Innovating Instruction, allowed for professional development to be embedded in the lives 
of the teachers by allowing a flexible role of the Facilitator. Situating the professional 
development supports the enhancement and acquisition of the knowledge for innovating 
mathematics instruction—mathematical pedagogical content knowledge, mathematical 
content knowledge, authentic assessment knowledge, and technology content 
knowledge—to develop the skills to create rigorous mathematics learning experiences in 
their classrooms every day.  
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APPENDICES 
Appendix A. Teacher Interview Protocol  
1. GENERAL. During this past year, we have been working together here at the school. Can you 
share your overall experience of our work together?  
 
2. GENERAL DESIGN. Thinking back to our work together during the last year, have you made 
any instructional changes in your classroom? If so, how? If not, why not? 
a. Content and how do they approach it  
b. Standards  
c. Pedagogy  
d. Technology  
e. Designing projects  
f. Assessment  
 
3. CONTENT. Now let’s talk about the content. How has your understanding of the mathematics 
content developed over the past year?  
a. Is there one aspect of mathematics that you have gotten more comfortable with?  
b. That you have completely mastered?  
c. How comfortable do you feel presenting the mathematics content to your students? 
 
4. CCSSM. How has your understanding of the CCSSM developed over the past year?  
 
5. TEACHERS AS DESIGNERS. Imagine that you have a magic wand and you have access to 
anything that you need to plan your bundles. What do you thinks makes a good bundle?  
a. How has your vision of project-based learning changed over this year? 
 
6. TEACHERS AS DESIGNERS. Can you talk about a project in mathematics that you designed 
and implemented in the classroom this year?  
a. What did you like about it?  
b. What didn’t you like about it?  
c. How did the assessment figure into the project? 
d. How did the standards figure into the project?  
e. Let’s say that you have to implement this project next year you’re your new students and 
grade, what would you do? How would you implement it? 
 
7. PD SUPPORT FOR TEACHERS. If I were to implement a very similar program, like I did here 
at your school, in another school, how would you suggest I implement it with that school? How 
would you recommend I design that program with them? 
a. How many days should I be there? (a week) 
b. For how long?  
c. Whole school year or just several months?  
d. Afterschool not afterschool workshops?  
e. Off site? On site?  
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Appendix B. Pre-questionnaire 
	  
Thank you for your participation in this Harlem School Partnership (HSP) project in collaboration with the 
Center for Technology and School Change (CTSC) project! As part of our research, we are collecting 
information regarding your professional background and experience. The answers provided will be used to 
inform the development of the CTSC professional development model. An assigned pseudonym replaces 
your name on all CTSC research documents.  This pseudonym is in a password-protected file on the 
computer of the CTSC lead researcher, and is not accessible to your principal or your colleagues.  For 
questions regarding the project or instrument, please contact Ellen Meier, Lead Researcher at 
ebm15@tc.columbia.edu or 212-678-3829.  
Questions 1 – 13 address your professional background: 
1. Pseudonym ________________________________________ (select a first name) 
2. Gender: _________________________________ 
3. What is your primary role?  
 
 Teacher 
 Curriculum Coach 
 Administrator 
 Other (please specify):       
 










5. By the end of this school year, how many years of teaching experience will you have?  
_________ years 
6. By the end of this school year, how many years have you taught the following grades?  
 
Grade Years 
a. PK  
b. K  
c. 1  
d. 2  
e. 3  
f. 4  
g. 5  
 
 
7. What subject(s) do you currently teach? (check all that apply)  
 Mathematics 
 Science 
 Social Studies 




 Foreign Language 
 Physical Education 
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 Engineering 
 Special Education 
 Support Services 
 Other:_____________ 
  
8. Please provide us with the following information about your educational background: 
 
Degree Institution City, State Major/ 
Specialization 
Year of Graduation 
Undergraduate  
 
   
Masters  
 
   
Doctoral  
 
   
 
 
9. Please provide us with the following information about your teaching certification(s): 
 




Track (e.g., Graduate Program, 
Alternative Entry)  
– Please specify 










10. How often do you teach mathematics per week?  
 1-2 times a week 
 3-4 times a week 
 Daily  
 
11. On average, how many minutes is each mathematics session?  __________________ minutes 
12. In the past two years, have you participated in professional development in any of the following?  
 
 Yes No 
a. Mathematics content      
b. Mathematics pedagogy/instruction     
c. Mathematics curriculum     
d. Integrating technology into mathematics      
e. Improving students’ critical thinking or 
problem solving skills  
    
f. Mathematics assessment      
 
 
13. How many students are in your mathematics class? __________ boys _________ girls 
 
Questions 14 - 40 address your experience with mathematics teaching: 
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a. Remember formulas and procedures.        
b. Think in a sequential and procedural manner.       
c. Understand mathematical concepts, principles, and 
strategies. 
      
d. Be able to think creatively.       
e. Make sense of problems and persevere in solving them.        
f. Make sense of quantities and their relationships in problem 
situations.  
      
g. Be able to construct arguments to support their solutions.        
h. Be able to communicate their arguments to others.        
i. Listen or read the arguments of others and respond to them.       
j. Apply the mathematics they know to solve problems 
arising in everyday life, society, and the workplace. 
      
k. Understand how mathematics is used in the real world.        
l. Use appropriate tools strategically when solving 
mathematical problems.  
      
m. Use clear definitions in discussion with others and in their 
own reasoning. 
      
n. State meaning of the symbols they choose, including using 
the equal sign consistently and appropriately. 
      
o. Be careful about specifying units of measure and labeling 
axes to clarify the correspondence with quantities in a 
problem. 
      
p. Calculate accurately and efficiently and express numerical 
answers with a degree of precision for the problem context. 
      
q. Look closely to discern a pattern or structure.       
r. Notice if calculations are repeated, and look both for 
general methods and for shortcuts. 
      
 
 




Disagree Agree Strongly 
Agree 
a. Mathematics is primarily an abstract subject.          
b. Mathematics is primarily a formal way of representing the 
real world. 
        
c. Mathematics is primarily a practical and structured guide 
for addressing real situations. 
        
d. If students are having difficulty, an effective approach is to 
give them more practice by themselves during the class. 
        
e. Some students have a natural talent for mathematics and 
others do not.  
        
f. More than one representation (picture, concrete material, 
symbol set, etc.) should be used in teaching a mathematics 
topic.  
        
g. Mathematics should be learned as sets of algorithms or rules 
that cover all possibilities.  
        
h. Basic computational skills on the part of the teacher are 
sufficient for teaching elementary mathematics.  
        
i. A liking for and understanding of students are essential for 
teaching mathematics.  
        
 
 
16. To what extent do you agree or disagree with each of the following statements? 
	  




Disagree Agree Strongly 
Agree 
a. I know how to solve my own technical problems.          
b. I can learn technology easily.          
c. I keep up with important new technologies.          
d. I frequently play around with technology.          
e. I know about a lot of different technologies.          
f. I have the technical skills I need to use technology.          
g. I know about technologies that I can use for understanding 
and doing mathematics. 
        
h. I can choose technologies that enhance the teaching 
approaches for a lesson.  
        
i. I can choose technologies that enhance students’ learning 
for a lesson.  
        
j. The professional development opportunities I have had 
have caused me to think more deeply about how 
technology could influence the teaching approaches I use 
in my classroom.  
        
k. I am thinking critically about how to use technology in my 
classroom.  
        
l. I can adapt the use of the technologies that I am learning 
about to different teaching activities. 
        
 
Question 16 Continuation: To what extent do you agree or disagree with each of the following statements? 
 Strongly 
Disagree 
Disagree Agree Strongly 
Agree 
m. I can select technologies to use in my classroom that 
enhance what I teach, how I teach and what students learn.  
        
n. I can use strategies that combine content, technologies and 
teaching approaches that I learned about in professional 
development in my classroom. 
        
o. I can provide leadership in helping others to coordinate the 
use of content, technologies and teaching approaches at my 
school and/or district.  
        
p. I can choose technologies that enhance the content for a 
lesson. 
        
q. I can teach lessons that appropriately combine 
mathematics, technologies and teaching approaches. 
        
 
 
17. How well prepared do you feel to teach the following mathematics topics?  
 








Operations and Algebraic Thinking      
a. Represent and solve problems involving 
multiplication and division  
        
b. Understand properties of multiplication and the 
relationship between multiplication and division  
        
c. Multiply and divide within 100          
d. Solve problems involving the four operations and 
identify and explain patterns in arithmetic  
        
e. Use the four operations with whole numbers to 
solve problems  
        
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f. Gain familiarity with factors and multiples          
g. Generate and analyze patterns          
h. Write and interpret numerical expressions         
i. Analyze patterns and relationships          
     
Number and Operations in Base Ten      
j. Use place value understanding and properties of 
operations to perform multi-digit arithmetic 
        
k. Generalize place value understanding for multi-
digit whole numbers  
        
l. Understand the place value system          
m. Perform operations with multi-digit whole 
numbers and with decimals to hundredths  
        
 
 
Question 17 Continuation: How well prepared do you feel to teach the following mathematics topics?  








Number and Operations—Fractions      
n. Develop understanding of fractions as numbers          
o. Extend understanding of fraction equivalence and 
ordering  
        
p. Build fractions from unit fractions by applying and 
extending previous understanding of operations on 
whole numbers  
        
q. Understand decimal notation for fractions, and 
compare decimal fractions  
        
r. Use equivalent fractions as strategy to add and 
subtract fractions 
        
s. Apply and extend previous understandings of 
multiplication and division to multiply and divide 
fractions  
        
     
Measurement and Data      
t. Solve problems involving measurement and 
estimation of intervals of time, liquid volumes, and 
masses of objects  
        
u. Represent and interpret data          
v. Solve problems involving measurement and 
conversion of measurements from a larger unit to a 
smaller unit  
        
w. Convert like measurements units within a given 
measurement system  
        
x. Geometric measurement: understand concepts of 
area and relate area to multiplication and to 
addition  
        
y. Geometric measurement: recognize perimeter as 
an attribute of plane figures and distinguish 
between linear and area measures  
        
z. Geometric measurements: understand concepts of 
angle and measure angles  
        
aa. Geometric measurement: understand concepts of 
volume and relate volume to multiplication and to 
addition 
        
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Geometry      
bb. Reason with shapes and their attributes          
cc. Draw and identify lines and angles, and classify 
shapes by properties of their lines and angles  
        
dd. Graph points on the coordinate plane to solve real-
world and mathematical problems  
        
ee. Classify two-dimensional figures into categories 
based on their properties 
        
 
 








a. Common Core State Standards (CCSS) for Mathematics        
b. National Council of Teachers of Mathematics (NCTM) Standards 
for School Mathematics 
      
c. CCSS Standards for Mathematical Practice        
d. Everyday Mathematics        
 
 
19. How often do you have the following types of interactions with other teachers?  
 
 Never or 
Almost Never 






a. Discussions about how to teach a 
particular concept 
        
b. Working on preparing instructional 
materials 
        
c. Visits to another teacher’s classroom to 
observe his/her teaching 
        
d. Informal observations of your classroom 
by another teacher 
        
 
 




If “Yes”, go to question 21. If “No”, go to question 22.  
21. How do you use a textbook(s) in teaching mathematics? (fill one circle only) 
 As the primary basis for my lessons 
 As a supplementary resource 
 
 
22. In teaching mathematics to the students in your class, how often do you usually ask them to do the 
following?  
 









a. Remember formulas and procedures.          
b. Think in a sequential and procedural 
manner. 
        
c. Understand mathematical concepts,         
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principles, and strategies. 
d. Be able to think creatively.         
e. Make sense of problems and persevere in 
solving them.  
        
f. Make sense of quantities and their 
relationships in problem situations.  
        
g. Be able to construct arguments to support 
their solutions.  
        
h. Be able to communicate their arguments to 
others.  
        
i. Listen or read the arguments of others and 
respond to them. 
        
j. Apply the mathematics they know to solve 
problems arising in everyday life, society, 
and the workplace. 
        
k. Understand how mathematics is used in the 
real world.  
        
l. Use appropriate tools strategically when 
solving mathematical problems.  
        
m. Use clear definitions in discussion with 
others and in their own reasoning. 
        
n. State meaning of the symbols they choose, 
including using the equal sign consistently 
and appropriately. 
        
o. Are careful about specifying units of 
measure and labeling axes to clarify the 
correspondence with quantities in a 
problem. 
        
p. Calculate accurately and efficiently and 
express numerical answers with a degree of 
precision for the problem context. 
        
q. Look closely to discern a pattern or 
structure. 
        
r. Notice if calculations are repeated, and look 
both for general methods and for shortcuts. 
        
 
 
23. Do you assign mathematics tasks (for example, word problems, activities, projects, investigations, etc.) 





If “Yes”, go to question 24. If “No”, go to question 28.  
24. How often do you usually assign mathematics tasks to the students in your class? (check one box) 
 Every or almost every lesson  
 About half the lessons  
 Some lessons 
 
 
25. If you assign mathematics tasks, how many minutes of mathematics tasks do you usually assign your 
students per day? 
 Less than 15 minutes  
 15-30 minutes  
 31-60 minutes  
 61-90 minutes  
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 More than 90 minutes 
 
 
26. If you assign mathematics tasks, how often do you assign each of the following tasks?  
 
 Never or 
Almost 
Never 








a. Worksheets or workbook          
b. Problem/question sets in textbook          
c. Reading in a textbook or supplementary materials          
d. Writing definitions or other short writing 
assignment  
        
e. Small investigation(s) or gathering data          
f. Working individually on long term projects or 
experiments  
        
g. Working as a small group on long term projects or 
experiments  
        
h. Finding one or more uses of the content covered          
i. Preparing oral reports either individually or as a 
small group  
        
j. Keeping a journal          
k. Working individually on hands-on activities         
l. Working as a small group on hands-on activities          
m. Working on tasks (long or short term) that involve 
the integration of technology 
        
 
 















a. Record whether or not the task was completed          
b. Collect, correct and keep assignments          
c. Collect, correct and then return to students          
d. Give feedback on task to whole class          
e. Have students correct their own assignments in class         
f. Use it as a basis for class discussion          
g. Use it to contribute towards students’ grades or marks         
 
 
28. How often do you:  
 
	   Never	   Seldom	   About	  Half	  
the	  Time	  
Usually	   Always	  
Plan the assessment as an integral part of the 
project to gauge genuine student understanding? 
     
Use ongoing student data that you (or your 
colleagues) have collected to capture ongoing 
student learning needs? 
     
Use a variety of forms of assessments to capture 
student learning? 
     
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Use assessment data to revise your original 
project plan for the next time you might teach the 
unit? 
     
Use ongoing student data that you (or your 
colleagues) have collected to inform your 
teaching for the next day? 
     
 
 
29. In assessing the work of the students in your mathematics class, how much weight do you give each of 
the following types of assessment?  
  




a. Standardized tests produced outside the school          
b. Teacher-made short answer or essay tests that require students to 
describe or explain their reasoning  
        
c. Teacher made multiple choice, true-false and matching tests          
d. How well students do on homework assignments          
e. How well students do on projects or practical/laboratory 
exercises  
        
f. Observations of students          
g. Responses of students in class         
 
 
30. How often do you use the assessment information you gather from students to:  
 
 Never Rarely Sometimes Never 
a. Provide students’ grades or marks?         
b. Provide feedback to students?          
c. Diagnose students’ learning problems?          
d. Report to parents?          
e. Assign students to different programs or tracks?          
f. Plan for future lessons?         
 
 









Some A Lot 
a. Students with different academic abilities           
b. Students who come from a wide range of backgrounds 
(e.g. economic, language)  
          
c. Students with special needs, (e.g. hearing, vision, 
speech impairment, physical disabilities, mental or 
emotional/psychological impairment)  
          
d. Uninterested students            
e. Disruptive students            
f. Parents uninterested in their children’s learning and 
progress  
          
g. Shortage of technology            
h. Shortage of other instructional equipment for students’ 
use  
          
i. Shortage of equipment for your use in demonstrations 
and other exercises  
          
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j. Inadequate physical facilities            
k. High student/teacher ratio           
l. Low morale among fellow teachers/administrators            
m. Low morale among students            
 
 
32. When designing mathematics lessons, how often do you:  
 
 Never Seldom About Half 
the Time 
Usually Always 
Learn something new about the content you will be 
teaching? 
     
Consider new information emerging from the 
mathematics fields? 
     
Use real-world mathematics problems to inform the 
design of student activities? 
     
Take an interdisciplinary approach?      
Seek support from local mathematics experts?      
Use lessons designed by the school/district?      
 
33. When designing mathematics lessons, how often do you:  
 
 Never Seldom About Half 
the Time 
Usually Always 
Write a key concept that frames what you want 
your students to know or be able to do?  
     
Identify common errors or student 
misconceptions to guide the design of your 
lesson? 
     
Incorporate project-based methods to engage your 
students in hands-on work? 
     
Incorporate opportunities for your students to 
work collaboratively? 
     
Use the Common Core State Standards for 
Mathematics? 
     
Use the CCSS for Mathematical Practice?      
Use the NCTM Standards for School 
Mathematics? 
     
Use Everyday Mathematics?      
 
 
34. In your mathematics lessons, how often do your students:  
 








a. Review homework          
b. Listen to lecture-style presentations         
c. Work individually without assistance from the teacher          
d. Work individually with assistance from the teacher          
e. Listen to you reteach and clarify content/procedures         
f. Take tests or quizzes          
g. Participate in classroom management tasks not related 
to the lesson’s content/purpose (e.g. interruptions and 
        
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keeping order) 
h. Engage in hands-on activities (e.g. using manipulatives, 
engaging in discovery and problem-solving tasks) 
        
i. Use technology          
j. Self-assess         
k. Peer-assess         
l. Work together as a class with the teacher teaching the 
whole class  
        
m. Work together as a class with students responding to 
one another  
        
n. Work in pairs or small groups without assistance from 
the teacher  
        
o. Work in pairs or small groups with assistance from the 
teacher 
        
 
35. In teaching mathematics to the students in your class, how well prepared do you feel to teach your 
students to do the following?  
 








a. Remember formulas and procedures.          
b. Think in a sequential and procedural 
manner. 
        
c. Understand mathematical concepts, 
principles, and strategies. 
        
d. Be able to think creatively.         
e. Make sense of problems and persevere in 
solving them.  
        
f. Make sense of quantities and their 
relationships in problem situations.  
        
g. Be able to construct arguments to support 
their solutions.  
        
h. Be able to communicate their arguments to 
others.  
        
i. Listen or read the arguments of others and 
respond to them. 
        
j. Apply the mathematics they know to solve 
problems arising in everyday life, society, 
and the workplace. 
        
k. Understand how mathematics is used in the 
real world.  
        
l. Use appropriate tools strategically when 
solving mathematical problems.  
        
m. Use clear definitions in discussion with 
others and in their own reasoning. 
        
n. State meaning of the symbols they choose, 
including using the equal sign consistently 
and appropriately. 
        
o. Be careful about specifying units of measure 
and labeling axes to clarify the 
correspondence with quantities in a 
problem. 
        
p. Calculate accurately and efficiently and 
express numerical answers with a degree of 
precision for the problem context. 
        
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q. Look closely to discern a pattern or 
structure. 
        
r. Notice if calculations are repeated, and look 
both for general methods and for shortcuts. 
        
 
 




If “Yes”, go to question 37. If “No”, go to question 39.  
 
37. When designing mathematics lessons, how often do you:  
 




Think about how technology could contribute to your 
students’ understanding? 
     
Think about how to help students use technology as a 
problem-solving tool? 
     
Think about what technology skills your students 
need? 
     
Use technology to approach teaching in a different 
way? 
     
Use technology to engage your students actively in 
the learning process? 
     
 
 






Once or Twice 
a Week 




a. Check answers          
b. Do routine computations         
c. Solve complex problems          
d. Explore number concepts          
e. Discover mathematics principles and 
concepts  
        
f. Practice skills and procedures          
g. Look up ideas and information         
 
 
39. How well do you know how to use the following software or technology-related resources? 
 
 I don’t know how 
to use/do this yet 
I can use this 
with help 
I can use this 
without help 
Excel or Numbers    
PowerPoint or KeyNote    
Google Drive (Documents)    
Inspiration or Kidspiration    
Geometer’s SketchPad    
Google SketchUp    
Scientific Probes and Sensors    
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SMART Notebook    
Google Earth    
Edmodo     
 
40. Describe a specific episode where you effectively demonstrated or modeled combining content, 
technologies and teaching approaches in a classroom lesson. Please include in your description what 
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Appendix C. Post-questionnaire  
Thank you for your participation in this Teacher Leader Quality Partnership (TLQP) program in 
collaboration with the Center for Technology and School Change (CTSC) project! As part of our research, 
we are collecting information regarding your professional background and experience. The answers 
provided will be used to inform the development of the CTSC professional development model. For 
questions regarding the project or instrument, please contact Ellen Meier, Lead Researcher at 
ebm15@tc.columbia.edu or 212-678-3829.  
 
Questions 1 – 13 address your professional background: 
 
41. Name: ________________________________________   
 
42. Gender: _________________________________ 
 
43. What is your primary role?  
 
 Teacher 
 Curriculum Coach 
 Administrator 
 Other (please specify):       
 










45. By the end of this school year, how many years of teaching experience will you have?  ______ years 
 
 
46. By the end of this school year, how many years have you taught the following grades?  
 
Grade Years 
h. PK  
i. K  
j. 1  
k. 2  
l. 3  
m. 4  
n. 5  
 
 
47. What subject(s) do you currently teach? (check all that apply)  
 Mathematics 
 Science 
 Social Studies 
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 Foreign Language 
 Physical Education 
 Engineering 
 Special Education 
 Support Services 
 Other:___________  
 
48. Please provide us with the following information about your educational background: 
 
Degree Institution City, State Major/ 
Specialization 
Year of Graduation 
Undergraduate  
 
   
Masters  
 
   
Doctoral  
 
   
 
 
49. Please provide us with the following information about your teaching certification(s): 
 




Track (e.g., Graduate Program, 
Alternative Entry)  
– Please specify 










50. How often do you teach mathematics per week?  
 1-2 times a week 
 3-4 times a week 
 Daily  
 
51. On average, how many minutes is each mathematics session?  __________________ minutes 
 
52. In the past two years, have you participated in professional development in any of the following?  
 
 Yes No 
g. Mathematics content      
h. Mathematics pedagogy/instruction     
i. Mathematics curriculum     
j. Integrating technology into mathematics      
k. Improving students’ critical thinking or 
problem solving skills  
    
l. Mathematics assessment      
 
 
53. How many students are in your mathematics class? __________ boys _________ girls 
 
Questions 14 - 32 address your experience with mathematics teaching: 
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s. Remember formulas and procedures.        
t. Think in a sequential and procedural manner.       
u. Understand mathematical concepts, principles, and 
strategies. 
      
v. Be able to think creatively.       
w. Make sense of problems and persevere in solving them.        
x. Make sense of quantities and their relationships in problem 
situations.  
      
y. Be able to construct arguments to support their solutions.        
z. Be able to communicate their arguments to others.        
aa. Listen or read the arguments of others and respond to them.       
bb. Apply the mathematics they know to solve problems 
arising in everyday life, society, and the workplace. 
      
cc. Understand how mathematics is used in the real world.        
dd. Use appropriate tools strategically when solving 
mathematical problems.  
      
ee. Use clear definitions in discussion with others and in their 
own reasoning. 
      
ff. State meaning of the symbols they choose, including using 
the equal sign consistently and appropriately. 
      
gg. Be careful about specifying units of measure and labeling 
axes to clarify the correspondence with quantities in a 
problem. 
      
hh. Calculate accurately and efficiently and express numerical 
answers with a degree of precision for the problem context. 
      
ii. Look closely to discern a pattern or structure.       
jj. Notice if calculations are repeated, and look both for 
general methods and for shortcuts. 
      
 
 




Disagree Agree Strongly 
Agree 
j. Mathematics is primarily an abstract subject.          
k. Mathematics is primarily a formal way of representing the 
real world. 
        
l. Mathematics is primarily a practical and structured guide 
for addressing real situations. 
        
m. If students are having difficulty, an effective approach is to 
give them more practice by themselves during the class. 
        
n. Some students have a natural talent for mathematics and 
others do not.  
        
o. More than one representation (picture, concrete material, 
symbol set, etc.) should be used in teaching a mathematics 
topic.  
        
p. Mathematics should be learned as sets of algorithms or rules 
that cover all possibilities.  
        
q. Basic computational skills on the part of the teacher are 
sufficient for teaching elementary mathematics.  
        
r. A liking for and understanding of students are essential for         
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teaching mathematics.  
 
 




Disagree Agree Strongly 
Agree 
r. I know how to solve my own technology problems.          
s. I can learn technology easily.          
t. I keep up with important new technologies.          
u. I frequently play around with technology.          
v. I know about a lot of different technologies.          
w. I have the technical skills I need to use technology.          
x. I know about technologies that I can use for understanding 
and doing mathematics. 
        
y. I can choose technologies that enhance the teaching 
approaches for a lesson.  
        
z. I can choose technologies that enhance students’ learning 
for a lesson.  
        
aa. The professional development opportunities I have had 
have caused me to think more deeply about how 
technology could influence the teaching approaches I use 
in my classroom.  
        
bb. I am thinking critically about how to use technology in my 
classroom.  
        
cc. I can adapt the use of the technologies that I am learning 
about to different teaching activities. 
        
 




Disagree Agree Strongly 
Agree 
dd. I can select technologies to use in my classroom that 
enhance what I teach, how I teach and what students learn.  
        
ee. I can use strategies that combine content, technologies and 
teaching approaches that I learned about in professional 
development in my classroom. 
        
ff. I can provide leadership in helping others to coordinate the 
use of content, technologies and teaching approaches at my 
school and/or district.  
        
gg. I can choose technologies that enhance the content for a 
lesson. 
        
hh. I can teach lessons that appropriately combine 
mathematics, technologies and teaching approaches. 
        
 
 








e. Common Core State Standards (CCSS) for Mathematics        
f. National Council of Teachers of Mathematics (NCTM) Standards 
for School Mathematics 
      
g. CCSS Standards for Mathematical Practice        
h. Everyday Mathematics        
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i. New York City Department of Education Scope & Sequence       
j. New York City Department of Education Core Curriculum 
Alignment Guidance 
      
 
 
58. How often do you have the following types of interactions with other teachers?  
 
 Never or 
Almost Never 






e. Discussions about how to teach a 
particular concept 
        
f. Working on preparing instructional 
materials 
        
g. Visits to another teacher’s classroom to 
observe his/her teaching 
        
h. Informal observations of your classroom 
by another teacher 
        
 
 




If “Yes”, go to question 20. If “No”, go to question 21.  
 
 
60. How do you use a textbook(s) in teaching mathematics? (fill one circle only) 
 As the primary basis for my lessons 




61. When you assign mathematics tasks, how often do you assign each of the following tasks?  
 
 Never or 
Almost 
Never 








n. Worksheets or workbook          
o. Problem/question sets in textbook          
p. Reading in a textbook or supplementary materials          
q. Writing definitions or other short writing 
assignment  
        
r. Small investigation(s) or gathering data          
s. Working individually on long term projects or 
experiments 
        
t. Working as a small group on long term projects or 
experiments 
        
u. Finding one or more uses of the content covered          
v. Preparing oral reports either individually or as a 
small group  
        
w. Keeping a journal          
x. Working individually on hands-on activities         
y. Working as a small group on hands-on activities          
z. Working on tasks (long or short term) that involve 
the integration of technology 
        
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aa. Working on performance tasks (complex 
challenges that mirror the issues and problems 
faced by adults) 
        
 
62. In assessing the work of the students in your mathematics class, how much weight do you give each of 
the following types of assessment?  
  




h. Standardized tests produced outside the school          
i. School-made standardized tests          
j. Teacher-made short answer or essay tests that require students to 
describe or explain their reasoning  
        
k. Teacher made multiple choice, true-false and matching tests          
l. How well students do on homework assignments          
m. How well students do on projects, activities and/or performance 
tasks 
        
n. Observations of students          




63. How often do you use the assessment information you gather from students to:  
 
 Never Rarely Sometimes Never 
g. Provide students’ grades or marks?         
h. Provide feedback to students?          
i. Diagnose students’ learning problems?          
j. Report to parents?          
k. Assign students to different programs or tracks?          
l. Plan for future lessons?         
m. Inform your teaching?         











Learn something new about the content you will be 
teaching? 
     
Consider new information emerging from the 
mathematics fields? 
     
Use real-world mathematics problems to inform the 
design of student activities? 
     
Take an interdisciplinary approach?      
Seek support from local mathematics experts?      
Use lessons designed by the school/district?      
Write a key concept that frames what you want your 
students to know or be able to do?  
     
Identify common errors or student misconceptions to 
guide the design of your lesson? 
     
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Incorporate project-based methods to engage your 
students in hands-on work? 
     
Incorporate opportunities for your students to work 
collaboratively? 
     
Use the Common Core State Standards for 
Mathematics? 
     
Use the CCSS for Mathematical Practice?      
Use the NCTM Standards for School Mathematics?      
Use Everyday Mathematics?      
Use the New York City Department of Education 
Scope & Sequence? 
     
Use the New York City Department of Education Core 
Curriculum Alignment Guidance? 
     
 
 
65. In your mathematics lessons, how often do your students:  
 








p. Review homework          
q. Listen to lecture-style presentations         
r. Work individually without assistance from the teacher          
s. Work individually with assistance from the teacher          
t. Listen to you reteach and clarify content/procedures         
u. Take tests or quizzes          
v. Participate in classroom management tasks not related 
to the lesson’s content/purpose (e.g. interruptions and 
keeping order) 
        
w. Engage in hands-on activities and/or projects (e.g. using 
manipulatives, engaging in discovery and problem-
solving tasks) 
        
x. Use technology          
y. Self-assess         
z. Peer-assess         
aa. Work together as a class with the teacher teaching the 
whole class  
        
bb. Work together as a class with students responding to 
one another  
        
cc. Work in pairs or small groups without assistance from 
the teacher  
        
dd. Work in pairs or small groups with assistance from the 
teacher 
        
 




If “Yes”, go to question 27. If “No”, go to question 29.  
67. When designing mathematics lessons, how often do you:  
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Think about how technology could contribute to your 
students’ understanding? 
     
Think about how to help students use technology as a 
problem-solving tool? 
     
Think about what technology skills your students 
need? 
     
Use technology to approach teaching in a different 
way? 
     
Use technology to engage your students actively in 
the learning process? 










Once or Twice 
a Week 




h. Check answers          
i. Do routine computations         
j. Solve complex problems          
k. Explore number concepts          
l. Discover mathematics principles and 
concepts  
        
m. Practice skills and procedures          




69. How well do you know how to use the following software or technology-related resources? 
 
 I don’t know how 
to use/do this yet 
I can use this 
with help 
I can use this 
without help 
Excel or Numbers    
PowerPoint or KeyNote    
Google Drive (Documents)    
Inspiration or Kidspiration    
Geometer’s SketchPad    
Google SketchUp    
Scientific Probes and Sensors    
SMART Notebook    
Google Earth    
Edmodo     
Interactive whiteboard    
 
70. Describe a specific episode where you effectively demonstrated or modeled combining content, 
technologies and teaching approaches in a classroom lesson. Please include in your description what 
content you taught, what technology you used, and what teaching approach(es) you implemented. 
 
71. How would you define engineering?   
 
72. What, if any, activities related to engineering do you do in your classes?   
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Appendix D. Dedoose Categories and Codes 
Category:	   Leadership	  
Subcategory:	   Facilitator	   	   Teacher	  leaders	   Administrators	   	  	  
Codes:	   Knowledge	  of	  mathematical	  
content	  	   	  	  
Knowledge	  of	  Common	  Core	  
State	  Standards	  for	  
Mathematics	  	   	  	  	  
Knowledge	  of	  
interdisciplinary	  connections	  
Knowledge	  of	  common	  
student	  misconceptions	  
Knowledge	  of	  pedagogical	  
content	   	  	  	  
Knowledge	  of	  technological	  
content	  (e.g.,	  knowledge	  of	  
relevant	  digital	  tools)	   	  	  	  
Management	   	  	  




results/learning	  goals)	   	  	  
Facilitating	  New	  Ideas	  (e.g.,	  
maintaining	  an	  iterative	  
process,	  asking	  probing	  
questions)	   	  	  
Creates	  interest	  in	  deepening	  
content	  knowledge	  based	  on	  
tasks	  and	  questions	  	   	  	  
Affect	   	  	  	  
Flexible	   	  	  
Demonstrates	  Empathy	  	   	  	  
Positive	  	  	  
Develops	  Relationships	  	  
Embodies	  Equity	  in	  Roles	  	  	  
Modeling	  Strategies	  	  
Co-­‐teaching	  	   	  	  
Assessing	  students	   	  	  
Working	  with	  group	  of	  
students	   	  	  
Designing	  
lessons/assessments	   	  	  
Using/Integrating	  technology	  
Lead	  Teaching	   	  	  	  
Knowledge	  of	  assessment	   	  




content	  knowledge	  experts	  
Technology	  specialist	  
Collaborators	  	   	  	  
Facilitators	  of	  student	  
learning	   	  	  	  
Connection	  to	  parents	  
Communication	  with	  peer	  
teachers	   	  	  
Critics	  	  	  
Rethink	  their	  practice	  
	   	  	  
	  
Direction	  setter	  
Developer	  of	  people	  
Organizational	  redesigner	  
Improver	  of	  the	  
instructional	  program	  
aggregate	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Category:	   Design	  Process	  
Subcategory:	   Content	  Knowledge	  








Codes:	   Compute	  correctly	  
Provide	  students	  
with	  common	  














solving	  problems	  	   	  	  
Extending	  content	  
exploration	  	  	  
Being	  able	  to	  solve	  
mathematical	  
problems	  correctly	  	  	  




reasoning	  of	  the	  
mathematics	  in	  the	  
curriculum	  	  
Correct	  use	  of	  
mathematical	  
language	  	   	  	  
Effective	  use	  of	  
mathematical	  
representations	  	   	  	  
Explain	  and	  justify	  
one’s	  mathematical	  




Common	  Core	  State	  
Standards	  for	  












Ability	  to	  construct	  
mathematical	  
questions	  and	  tasks	  






topics	  	   	  	  










across	  disciplines	  	  
Allows	  space	  for	  




















As	  a	  means	  of	  
summative	  
accountability	  	  	  







technology	  tools	  	  	  
Ability	  to	  use	  
technology	  	  	  
Comfortability	  with	  
using	  technology	  	  
Integration	  of	  
technology	  	  	  
Use	  of	  technology	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Category:	   Situated	  Learning	  
Subcategory:	   Duration	  of	  
intervention	  	  
In-­‐classroom	  support	  by	  
facilitator	   	  
Outside	  classroom	  support	  by	  
facilitator	  





Working	  with	  group	  of	  
students	  
Mentoring/coaching	  teacher	  	  
Assisting	  with	  technology	  	  	  




Reflection	  on	  instructional	  
effectiveness	  	  	  
Assessing	  and	  reflecting	  on	  
student	  work	   	  	  	  
Reviewing	  and	  understanding	  
the	  curriculum	  	  	  
Curriculum	  mapping	  	  
Afterschool	  support	  by	  
facilitator	  	  
After-­‐school	  workshops	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Appendix E. Code Application Tables 










































































































































































































































































































































































































































































1     13 14  9 10 7 14 4 11  3 12 4 4 4 1 4          2 9 1 5 4 6  1 1 1 
2     14 10  8 5 6 13 1 10  5 8 4 6 7 6 5      1  7 10 3 6 1 5  4 1 2 
3     2 4      1 3  3      2      2            2 3 4 2    1 1  
4     2 5  1 4 3 3  2    2 2      3            1 3 5 2 1        
5     5 5  3 2 2 11 2 5    5 8      7  1        4 4 6 8 1  1  1 
6                                                                     
7                                                                     
8                                                                     
9           1 1            1  1 1  1                              
10                                                                     
11                                                                     
12       1                                1          1              
13                                                               1    
14                                                                     
15       2        1        1                      1 1 1      1    
16       1    1    1    1 1                              1        
17         1                                                        1 
18     2    1 1 1 1                  1            1 1 1            
19       3        1        1                        2 2            
20     2      1  1  1    1        1            1 2 1            
21                                                                     
22     5 1  5 1 1 5 1 2                              1 1 2          
23                           1 1              1      3 3            
24                                                                     
25                                                                     
26                                                                     
27       1                2    1 2                        1        
28                   4    2 1 1  2      1        2 2 4 1          
29       1    1            1                    1 1 2 2        1 1 
30                                                                     
31       2  1 2 1 1  1    4 1 1  1    1 3      5 4 6  1      1 
32                                                                 2 2 
33       1                2  2  3                  1 1  4        
34           1            1 2 2  1                      1          
35       1                1    1 1 1              1 1 1            
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36                                                                     
37           1    1          1                                      
38       1                                                            
39       3  1 1 1 1  1  1 1 1                    1 4 4  1        
40       1                1 1 1 1                1    1            
41                                                                     
42       3    3            3      1              3 3 3            
43                         1 1 2                        1  1        
44                                                                     
45       1                2  2                      2 2  1        
46                         2                        1  1  1    1 2 
47     1 2        1 1    1    1 1  1          1 1 1 2            
48                         1  1  1 1              1 1 1            
49                             1                        1            
50                                                                     
51                                                                     
52     1 2            1  2  1 3 5 1 2          2  4 4  2        
53       1                1  1 2 2 1 1              3 2            
54       1                        1 1              1 1 1            
55     1 2  1    1 1 1                      1  1  1 2            
56                         1  1 1 1                                  
57       1                    1  2 2              1 1 1  2    1 4 
58     2 2        2  1  1  3  1 2 1              1 1 1 1        
59       1        1  1  3  3 1 1  4          1 1 2 1            
60       1                1  1                    1 1 1            
61                                                                     
62                             1      1                              
63     2 1  1    1 1 1          1      1  1    1 1 2  1        
64     1          1                  1                              
65                                                                     
66     2 5        2  1  6  7 4 8 7 1            5 8 8 1 5        
67                                                   1                
68                   1                                                
69       1        1 2                            1  4 4            
70                 1          3      3                  3      1  
71                                                                     
72                                                                     
73     1              1        1 1                3 1    2        
T     56 81 1 34 33 23 67 19 43  41 47 58 28 46 25 39  5 3 4  17 59 74 92 26 37  9 9 15 
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1 1              14 8 12 2 9 10 13 1 15 15  12 5 8 4 12 4 1 
2               15 6 8  3 4 5 4 16 16  14 7 5 1 14 5 3 
3               1 1    1 2 1    2  1 2 7 10 2 9 1 
4               1 2 2 2 1 1 1 1        4 8 9 4 7 1 
5               6 2 7 1 1 5 9 3  9  2 4 15 13 9 11 5 
6                                                   
7                                                   
8                                               1  
9               3      2      2 1  2 3 1 1 1 1  
10                                 1    1          
11                   1  1 1      1                
12               1      1  1 1      1            
13                             1  1                
14               2  1          1    2 2  1 1    
15                             2  2  1    1 1 2  
16               2  1  1  1  2 1  1 1 2 2  1  
17               2  1        1        2          
18               4 2 2  3 2 1  3 3  3 2 2        
19               2        1 1    1  1    4 1 3 2 
20               5 3 5  2 1 2  3 2  5 2 3 1 1 2  
21                                                   
22               13  10 1 1  5  4 1  9 7 2        
23               1        1 1    1  1    2 1 2  
24               1        1          1 1          
25               6            1      2            
26                     1  1                        
27               1        1                1  1  
28               2              4 6  6 3 4 6 5 4  
29               3  1  2  3 1 1 2  3 1 1      1 
30                                                   
31               2  1 1 1 3 3    6  4 3  6 1 5  
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32               2    1    1 3  4  2 1          
33               1  1    3 3    3        3 1 2  
34               4  2  1 1    3 1  2 3 4  1    
35               4  1    2 1    1  2 1          
36                         1 1    1                
37               5 1 1          2 2  2 1 2 1      
38                   1      1    1                
39               1                1  1    5  2  
40               1                1        1      
41               1                    1            
42                                           3 1 3  
43               3        3      1                
44                                                   
45               3  2 1  2 2    2  3            
46                         2  3  1                
47               4  2    1 3 1  3  4 2  1      
48               1        2 1    1  1            
49               1 1            1 1                
50               1                    1            
51                                 1                
52               3 1 2 2  6    4    1 3 2 3 3 2  
53               4        1 2    5    3  2      
54               1  1    2 2 1  1                
55                   5 2        5    2  5        
56               1        1 1    1    1          
57               1        1  2 1 2  2  1 3 2 3 1 
58               3  2    3    9 4  5 2 3 1 2 1  
59               6  1    4 2    2  1 1 1 1      
60               4        1      3  1    1  1  
61                                                   
62                 1      1          1  1        
63               2  2 1  2 1  2 4  2  2 2 1 1  
64                 1      3    2 3  1  2        
65               1              1    1 1  1      
66               6  3 3  12 9  9 13  7 3 3 2 2 2  
67               1  1          1 1      1 1      
68               1          1  1    1 2 2 1      
69               6              2    1 4 3 2 2 4  
70               1 2            1 2      3        
71               2              1    1 1 1        
72               1                                  
73               1                1        3      
T               164 31 79 18 30 88 78 26 96 138  117 79 94 99 68 79 15 
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1         5  5  5                          
2         4  4  4                          
3           1      1 2        2  1  1 1 1 
4                   1  1    1 2 1 5  11 3 3 
5                     3 2 1 1 5 4  1 3 6 1 2 
6               1 1  1                      
7               1 1            1            
8               1 1  1                      
9               2 1  1        1      1 3  
10               1 1            2        1  
11               1 1            1            
12               1 1        1                
13               1 1    1      1            
14               2 1            1  1  1 1  
15               1 1    1  1  1            
16               2 1            1      2 1  
17         1    1 1    1          1    1  
18               1 1                    3 1 2 
19               1 1            1            
20               2 1          1 1  1  4 2  
21                                             
22               3 1  1            2  7 9  
23               1 1            1            
24               1 1          1              
25               1 1                    2    
26               2 1            1  1        
27               1 1          1              
28               2 1      2            3 1  
29               2 1  1      3    1    1  
30                                             
31               1 1 1    3 5                
32               1 1  1 2                1  
33               1 1            2            
34               1 1                    3  4 
35               2 1          3          1  
36               1 1            1            
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37               1 1                    1  1 
38               1 1  1                      
39               1 1  1      1              
40               1 1            2            
41               2 1            1        1  
42               1 1                          
43               1 1          2 1            
44               1 1            1            
45               2 1          1 2            
46               1 1    2  2                
47               2 1          1 1        3  
48               1 1            1            
49               1 1          2 2  1        
50               1 1                1        
51               1 1            1            
52               2 1            1  6  2 2 8 
53               1 2            2  2    2 2 
54               1 1        2                
55               2 1                1  3    
56               2 1  1            1    2  
57               2 1            1      2  1 
58               1 1                2  5  3 
59               1 1                    1 1 4 
60               1 1          3              
61                                             
62               1 1                  1      
63               2 1            3      1  1 
64               2 1            1      1  1 
65               1 1                1 1  1  
66               2 1        10    1 2  5  3 
67               2 1                  1 1    
68               1 1                1 1 1    
69               1 1                2    3 2 
70               1 1                  1    2 
71               1 1                1 1 1 1 1 
72               1 1                          
73               1 1            1            
T         10 1 9 86 75 3 14 10 6 22 25 45 2 35 9 68 44 41 
	  
 
